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PREFACE. 


In  the  preparation  of  this,  the  sixth,  edition  of  my  Text-book 
of  Pathology  and  Morbid  Anatomy,  I  have  been  fortunate 
enough  to  secure  the  assistance  of  my  surgical  colleague,  Mr. 
Stanley  Boyd.  The  introductory  chapter,  and  the  chapters  on 
"Tumors,"  on  "Regeneration,"  on  "  Septiceemia  and  Pyaemia," 
and  on  the  "Vegetable  Parasites,"  are  entirely  his  work.  Most 
of  the  new  engravings  have  been  drawn  from  his  preparations, 
Mr.  Collings  being  again  the  artist. 

I  trust  the  work  in  its  revised  form  adequately  represents 
the  present  position  of  the  ever-increasing  knowledge  of  the 
subjects  of  which  it  treats;  and  that  it  may  thus  still  continue 
to  fulfil  the  purpose  for  which  it  was  originally  written — that 
of  an  Elementary  Gluide  for  the  Student  of  Medicine.  Should 
it  do  so,  I  feel  that  it  will  be  largely  owing  to  Mr.  Boyd's  con- 
tributions, and  I  take  this  opportunity  of  gratefully  acknowl- 
edging his  able  help. 

T.  HEls^RY  GREEN. 

WiMPOLE  Street, 
May,  1884. 
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INTRODUCTIOIT. 

Anatomy  and  Histology  investigate  the  naked-eye  and  micro- 
scopic structure  of  the  healthy  body;  physiology  examines  the 
functions  of  the  parts  and  elements  revealed  by  them,  and  studies 
the  chemical  processes  which  constitute  healthy  life.  To  obtain 
a  knowledge  of  disease,  parallel  courses  must  be  adopted.  In 
post-mortem  examinations  we  note  all  naked-eye  departures 
from  normal  anatomy;  next,  the  microscope  is  employed  to 
show  the  finer  changes  to  which  these  departures  are  due ;  and, 
lastly,  we  endeavor  to  find  out  the  causes  of  the  abnormal 
structure  and  function  which  constituted  the  disease,  their  mode 
of  action,  and  the  nature  and  sequence  of  the  disturbances 
which  they  produce.  We  thus  get  pathological  anatomy  and 
histology,  and  pathology — the  physiology  of  disease. 

The  guiding  principle  of  modern  pathology  being,  that  path- 
ology has  to  deal  with  no  new  function  or  element,  but  simply 
with  disturbances  of  normal  functions  and  elements,  it  is  obvious 
that,  for  the  purpose  of  studying  disease,  our  acquaintance  with 
the  body  in  health  cannot  be  too  intimate. 

The  complex  human  organism  can  be  reduced  to  very  simple 
elements — cells  and  the  intercellular  substances  to  which  they 
give  origin.  These  two  elements  make  up  every  tissue,  the  cells 
being  sometimes  in  excess — as  in  epidermis,  where  they  seem  to 
be  in  absolute  contact — sometimes  the  intercellular  substance,  as 
in  the  connective  tissues.     It  is  now  universally  accepted  that 
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the  cell  is  the  seat  of  nutrition  and  function.  Health  and  dis- 
ease must  be  considered  as  terms  referring,  not  to  the  body  as 
a  whole,  but  to  the  cells  of  which  it  consists. 

Before  proceeding  to  treat  of  disease  we  will  say  a  few  words 
upon  the  constitution  of  cells  in  health,  and  upon  their  functions 
and  the  conditions  under  which  they  are  physiologically  dis- 
charged. 

Constitution  of  Cells. — When  Schwann  established  the 
analogy  between  the  animal  and  vegetable  cell,  the  former  was 
held  to  be  constructed,  in  all  cases,  upon  the 
same  principle  as  the  latter,  and  to  consist  of  a 
cell-wall  enclosing  a  cavity  in  which  were  con- 
tained a  nucleus  and  fluid  contents  (Fig.  1).  But 
the  fact  that  no  cell-wall  can  be  demonstrated 
in  embryonic  cells,  blood-corpuscles,  and  the 
cells  of  many  rapidly  growing  new  formations, 
led  Leydig  and  Max  Schultze  to  believe  that  a 
little  mass  of  matter,  enclosing  a  nucleus,  was 
all  that  was  necessary  to  constitute  a  cell.  Max 
Schultze  established  the  identity  of  the  cell- 
Ceiis  from  a  cancer,  substaucc  with  animal  sarcode — a  contractile 
Showing  cell -wall,  substaucc  cxistiug  in  the  lower  animals,  and 
and°n"ud°oU  '^^The  showcd  that  it  also  was  capable  of  spontaneous 
nuclei  dividing.  movement.    He  called  this  substance,  of  which 

all  cell-bodies,  animal  or  vegetable,  are  at  least 
at  one  period  of  their  existence  composed,  protoplasm;  and 
pointed  out  that  a  distinct  cell-wall  resulted  from  a  retrograde 
process  occurring  in  its  outer  layers.  Dr.  Beale,  in  this  country, 
promulgated  similar  views. 

.  The  definition  of  a  cell  has  been  still  further  modified  by  the 
discovery  that  a  nucleus  is  not  essential ;  for  none  exists  in 
the  cryptogamia  and  in  some  of  the  lowest  animal  forms.  In 
these  exceptional  cases  the  cell  consists  of  a  simple  mass  of 
protoplasm;  but  in  the  higher  animals  the  nucleus  is  almost 
constant.  The  cell-wall  is  much  less  so,  and  must  be  regarded, 
in  point  of  vitality,  as  inferior  to  the  rest  of  the  cell. 

Protoplasm  is  a  very  complex  body,  of  the  molecular  constitu- 
tion of  which  we  are  ignorant.  It  contains  a  large  quantity  of 
water,  and  its  solid  residue  is  largely  made  up  of  albuminoid 
material ;  but  with  this  there  are  always  associated  some  carbo- 
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hydrate,  fat,  and  inorganic  salts.  The  relations  of  these  bodies 
to  each  other  are  unknown,  but  some  authorities  regard  the 
proteid  element  as  alone  essential  to  the  manifestation  of  life. 
Protoplasm,  as  seen  in  the  bodies  of  normal  cells,  is  generally 
structureless,  soft,  and  viscid,  but  varying  much  in  fluidity. 
Granules  are  frequently  present  in  it,  often  in  one  part  and  not 
in  another,  and  these  probably  always  differ  chemically  from 
true  protoplasm.  Small  cavities,  full  of  fluid,  looking  like  clear 
spaces,  are  often  seen ;  they  are  called  vacuoles,  and  may  either 
riddle  the  cell,  or  one  large  one  may  occupy  much  of  its  body. 
The}'^  appear,  disappear,  and  change  their  position. 

In  highly  specialized  cells,  protoplasm  has  acquired  a  distinct 
structure — e.^.,the  fibrillation  of  muscle  and  nerve-cells  and  the 
striation  of  many  ciliated  and  gland-cells.  In  many  cells,  after 
hardening  in  chromic  acid,  a  fine  network  of  fibres  is  seen  in 
the  cell-substance,  a  fact  which  has  led  Klein  and  others  to 
believe  that  the  protoplasm  of  cell-bodies  is  really  arranged  like 
a  sponge;  the  interstices  being  occupied  by  fluid  containing 
granules  which  are  moved  about  by  contractions  of  the  pro- 
toplasm. This  view  explains  many  phenomena  of  cell-life ;  but, 
up  to  the  present  time,  it  has  not  been  supported  by  the  obser- 
vation of  living  cells. ^ 

Under  certain  circumstances  protoplasm  undergoes  metamor- 
phoses into  various  substances — e.^.,  mucin,  globulin,  keratin, 
pepsin  and  other  ferments,  glycogen,  and  fat;  which  may  form 
large  portions  of  the  bodies  of  cells. 

This  protoplasm  is  the  essential  constituent  of  the  body  of 
every  cell.  In  comparison  with  the  nucleus,  the  body  varies 
much  in  size ;  being  sometimes  large  in  proportion,  sometimes 
quite  insignificant. 

The  cell-wall,  when  present,  is  of  much  firmer  consistence  than 
the  rest  of  the  body,  and  seems  to  be  due  to  some  metamorphosis 
of  the  protoplasm  of  the  latter. 

The  nucleus  is  more  constant  than  the  body,  both  in  size  and 
form.  It  is  usually  spherical  or  oval,  but  may  be  quite  rod- 
shaped  ;  is  generally  placed  near  the  centre  of  the  cell,  and  may 
be  single  or  multiple.  It  resists  destructive  reagents  more 
strongly  than  does  the  body,  and  in  disease  often  remains  after 

1  Schafer,  Brit.  Med.  Journ.,  vol.  ii.  p.  227,  1881. 
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this  has  been  destroyed ;  it  is  stained  more  deeply  by  carmine 
and  logwood.  Its  presence  may  be  concealed  by  fat,  pigment, 
or  other  substances  in  the  cell-body.  The  nucleus  does  not  exist 
in  red  blood-corpuscles,  and  it  is  doubtful  whether  or  no  the 
nucleated  red  blood-corpuscles  of  the  early  embryo  disappear  or 
are  converted  into  the  non-nucleated  disks  which  succeed  them. 
Those  formed  endogenously  in  connective-tissue  corpuscles  in 
later  foetal  and  extrauterine  life  are  apparently  never  nucleated. 
The  nucleus  of  epidermic  scales  may  finally  be  converted  into 
keratin,  and  disappear. 

The  nucleus,  which  was  formerly  regarded  as  a  spherical  vesicle, 
bounded  by  a  definite  membrane  which  separated  the  nuclear 
fluid  from  the  cell-substance,  is  now  known  to  possess,  with 
great  constancy,  the  following  much  more  intricate  structure : 
1,  a  membrane  bounding  it  externally;  2,  a  network  of  fibres, 
probably  contractile,  and  certainly  capable  of  great  changes  in 
closeness  and  general  form;  3,  one  or  more  nucleoli,  said  by 
some  to  be  only  nodal  points  in  the  network;  4,  a  clear,  more 
or  less  fluid,  substance  which  fills  the  membrane  and  lies  in  the 
meshes  of  the  network.  The  more  solid  portions — membrane, 
network,  and  nucleoli — are  spoken  of  as  nucleoplasm;  the  less 
solid,  as  nuclear  matrix.  Under  "  Genesis  of  Cells,"  we  shall 
describe  the  remarkable  changes  which  occur  in  nuclei  previous 
to  division  of  cells. 

PnysiOLOGY  OF  Cells. — Having  described  the  structure  of  cells, 
we  will  now  give  a  short  summary  of  their  normal  functions, 
and  of  the  conditions  under  which  they  are  physiologically  dis- 
charged. 

A  unicellular  organism,  like  the  amoeba,  takes  in  food,  grows, 
and  excretes;  performs  certain  functions,  of  w^iich  motion  is  the 
most  obvious,  and  reproduces  its  like.  The  whole  of  this  may 
be  regarded  as  work  done,  and  implies  the  expenditure  of  force; 
and  we  may  be  quite  sure,  although  we  know  nothing  of  the 
chemical  processes  going  on  in  an  amoeba,  that  its  excreta  are 
simpler  compounds  than  its  ingesta — the  difterence  in  heat- value 
between  these  two  sets  of  compounds  representing  the  force 
which  is  available  to  the  organism.  The  ability  to  eftect  these 
chemical  and  physical  processes,  in  which  the  "  life "  of  the 
animal — as  recognizable  by  us — consists,  is  inherited,  and  is 
spoken  of  as  "  vital  activUij,''  or  "  vital  energy.''     The  possession 
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of  this  is  naturally  the  first  essential  to  living.  The  other  re- 
quirements of  the  cell  are  a  sufficient  supply  of  suitable  food,  and 
appropriate  surrounding  physical  conditions — such  as  a  normal  tem- 
perature, and  suitable  density  of  the  surrounding  fluid. 

In  man,  a  multicellular  being,  the  cells  vary  much  in  form 
and  in  the  results  of  the  chemical  actions  which  they  effect. 
Although  retaining  more  or  less  independence,  varying  with  the 
kind  of  cell,  they  are  bound  together  for  the  common  good,  and 
each  has  some  special  function  to  perform.  Thus  there  are 
muscle-cells  to  produce  motion,  gland-cells  to  secrete  and  excrete, 
and  nerve-cells  to  control  the  working  of  muscle,  glands,  and 
perhaps  other  tissues;  certain  cells  are  set  apart  for  reproduction; 
and,  finally,  there  are  the  connective  tissues  to  unite  and  support 
the  other  structures,  and  surface  epithelium  to  protect  them. 
Thus  each  kind  of  work  done  by  the  one  cell  of  the  amoeba  is  in 
man  performed  by  a  different  group  of  cells  specialized  for  the 
purpose.  If,  then,  we  recognize  the  interdependences  of  the 
cells  in  the  human  organism  upon  each  other,  and  the  difter- 
ences  in  their  structure  and  purpose  in  the  economy,  all  that  has 
been  said  of  the  amceba  will  apply  to  each  cell  of  the  body. 

The  vital  energy  of  each  cell  manifests  itself  in  three  channels, 
spoken  of  by  Virchow  as  the  Nutritive,  Functional,  and  Reproduc- 
tive Activities.  The  two  former  are  purely  chemical,  and  may 
be  considered  together.  Food  is  taken  into  the  bod}^  digested, 
and  absorbed  by  lacteals  and  bloodvessels  from  the  intestines; 
the  various  excretory  organs  give  oflf  urea  and,  in  small  quantity, 
other  nitrogenous  bodies,  carbonic  acid,  and  water.  Supposing 
the  body  to  be  in  nutritive  equilibrium,  neither  gaining  nor  losing 
weight,  the  amounts  excreted  will  account  for  the  nitrogen, 
carbon,  and  hydrogen  taken  in  as  food.  Putting  aside  water, 
certain  salines,  and  oxj'gen,  which  are  essential  to  life,  the  food- 
stuffs are  albumen,  carbohydrates,  and  fats — the  materials  of 
which  the  body  consists.  It  is  evident  that  a  large  amount  of 
heat  must  be  set  free  in  the  breaking  down  of  these  bodies  to 
the  excreta  above  mentioned,  and  this  is  the  source  of  the  force 
by  which  every  act  is  performed.  The  blood  carries  the  pre- 
pared food-stuffs  to  the  capillaries,  where  they  pass  out  with  the 
lymph  to  come  into  actual  contact  with  the  cells.  Certain,  or 
all,  of  tViese  bodies  are  now  taken  up,  and  become  part  of  the  sub- 
stance of  the  cell,  replacing  some  older  material  which  has  been 
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broken  down  to  supply  force  for  assimilation  and  all  other 
actions  of  the  cell.  This  breaking-down  of  cell-substance  con- 
sists in  the  union  of  it  with  oxygen  obtained  from  the  blood, 
and  stored  by  the  tissues  in  some  unknown  way.  All  such 
oxidation  processes  are  believed  to  take  place  in  the  cells,  not  in 
the  blood ;  and  this  almost  necessitates  that  all  food  shall  become 
part  of  a  cell  before  it  is  oxidized ;  it  is  not  oxidized  directly. 
Although  the  food-stuffs  and  the  tissues  of  the  body  are  com- 
posed of  the  same  chemical  compounds,  it  is  certain  that  waste 
of  any  one  of  these  is  not  repaired  by  a  process  of  simple  replace- 
ment by  a  like  compound  from  the  food.  Fat,  e.g.,  taken  into 
the  body  is  certainly  not  laid  down  as  fat  in  the  connective 
tissue.  It  is  probable  that  many  changes  in  the  arrangement  of 
the  elements  of  food-stuffs  occur  before  they  form  tissue,  both 
analytical  and  synthetical,  and  force  is  thus  alternately  liberated 
and  rendered  potential ;  but  this  does  not  affect  the  main  fact 
that  the  body  ultimately  obtains  the  force  equivalent  to  the  dif- 
ference in  heat-value  between  the  ingesta  and  excreta. 

We  have  enumerated  the  compounds  presented  to  cells  in 
lymph,  and  also  those  which  leave  the  body  as  the  ultimate  pro- 
ducts of  cell-action,  but  in  no  instance  do  we  know^  the  connect- 
ing links  between  the  end-products.  Whilst  the  ingesta  of  cells 
must  be  tolerably  uniform  in  character,  their  excreta  are  prob- 
ably as  various  as  are  the  uses  of  the  cells  in  the  body — witness 
the  different  compositions  of  the  many  secretions,  and  the 
unequal  distribution  of  the  extractives,  such  as  kreatin,  xanthin, 
etc.  The  breaking-down  of  tissue  or  waste,  which  is  going  on 
constantly  on  the  one  hand,  and  the  building-up  or  repair  which 
in  health  keeps  pace  with  it,  on  the  other,  constitute  the  7iuiri- 
tive  exchange  of  the  cell  or  of  the  whole  body.  This  process  is 
constantly  being  disturbed  from  pathological  causes;  whilst, 
physiologically,  formation  exceeds  waste  during  the  period 
of  growth,  but  the  opposite  obtains  in  old  age,  when  the  vital 
energy  of  all  cells  is  failing,  and  their  functions  are  imperfectly 
discharged. 

In  order  that  the  nutritive  exchange  of  the  cells  of  the  body 
may  be  normal,  the  same  conditions  must  be  present  which  were 
stated  to  be  necessary  for  the  healthy  life  of  an  amoeba.  These 
conditions  were — the  possession  of  normal  vital  activity  or  ability 
to  effect  chemical  change;  a  sufficient  supply  of  food  of  suitable 
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quality,  dependins^  in  man  upon  the  circulation  and  blood  con- 
stitution and  the  presence  of  appropriate  surrounding  physical 
conditions.  To  these  must  be  added — in  the  case,  at  least,  of 
nerves,  muscle,  and  certain  gland-cells — connection  with  a 
healthy  nervous  centre.  When  motor  nerve-fibres  are  cut  off 
from  the  ganglion-cells  of  the  anterior  cornu,  or  when  sensory 
are  severed  from  those  of  the  posterior  spinal  ganglion,  they 
rapidly  atrophy,  the  axis-cylinders  being  probably  long  pro- 
cesses of  these  cells.  Section  of  a  motor  nerve  causes  atrophy 
of  the  muscles  supplied  by  it,  and  section  of  the  chorda  tympani 
is  followed  by  wasting  of  the  submaxillary  gland.  Each  of  these 
tissues  has  an  active  function  to  perform,  but  physiologically 
this  function  is  never  performed  except  in  response  to  nervous 
stimulus.  Removal  of  this  consequently  checks  or  annuls  their 
nutritive  exchange,  and  deprives  them  of  the  afflux  of  blood 
which  accompanies  their  action.  In  the  above  instances,  the 
nervous  system  undoubtedly  exercises  a  trophic  influence,  though 
not  by  means  of  any  special  trophic  nerves.  It  is  said  by  some 
to  have  the  same  influence  over  all  the  cells  of  the  body ;  but 
this  is  denied  by  others  wdio  fully  allow  its  power  over  nerves, 
'muscle,  and  such  glands  as  secrete  physiologically  only  in 
response  to  stimulation  of  special  secretory  nerves.  The  ques- 
tion at  issue  is— whether  the  nervous  system  influences  those  chemical 
changes  in  lohich  the  life  of  cells,  other  than  gland,  inuscle,  and  nerve, 
consists.  The  discussion  is  carried  on  mainly  with  reference  to 
the  "  non-working  cells  " — connective-tissue  and  epidermic.  Can 
the  nervous  system  increase  the  vital  energy  of  a  cell,  and  cause 
it  to  assimilate  more  food,  to  grow  and  multiply?  Can  it  inhibit 
the  performance  of  these  functions  and  produce  atrophy  ?  Or, 
can  it  so  change  the  metabolism  of  cells  that  their  products 
become  irritating  and  cause  inflammation  ?  The  question  is  a 
very  important  one,  and  cannot  at  present  be  decided;  but  the 
arguments  on  each  side  will  be  given. 

In  the  first  place,  a  general  objection  has  been  raised  to  experi- 
ments having  for  their  object  to  prove  the  presence  of  special 
trophic  nerves,  viz.,  that  the  influence  of  other  kinds  of  nerves, 
especially  vaso-motor,  has  not  been  eliminated.  It  is  necessary 
to  remember  always  that  after  section  of  the  nerves  of  a  limb  the 
part  beyond  is  insensitive,  its  muscles  never  contract,  the  afflux 
of  blood  which  accompanies  their  action  is  lost  to  the  part,  and 
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the  venous  circulation  no  longer  receives  help  from  them.  Its 
vessels  at  first  dilate  when  the  central  control  is  removed,  and 
the  part  reddens  and  warms  from  the  flow  of  a  larger  quantity 
of  blood  through  it ;  but  soon  the  general  increase  of  tonus  com- 
pensatory to  the  local  diminution  dies  away,  the  vessels  of  the 
part  remain  dilated,  and  the  flow  through  them  becomes  slower 
than  natural;  consequently  the  part  is  cold,  and  pale  or  bluish. 
After  a  time,  however,  the  local  vascular  nerves  gain  power,  and 
a  certain  amount  of  tonus,  which  is  easily  upset,  is  restored.  As 
a  result  of  these  changes  in  the  nutritive  and  physical  conditions 
of  a  part,  many  changes  in  it  are  easily  explicable  without  calling 
into  existence  a  special  set  of  nerves. 

The  facts  which  are  held  to  prove  the  influence  of  the  nervous 
system  on  the  nutrition  of  cells  in  the  non-working  tissues  are 
the  following :  The  fall  in  the  carbonic  acid  discharge  which  occurs 
when  the  body  is  exposed  to  a  high  external  temperature,  and 
the  increase  which  results  under  opposite  conditions,  show  that 
diminished  and  increased  chemical  changes  share  with  vaso- 
motor changes  the  duty  of  maintaining  an  average  temperature. 
It  seems  most  probable  that  the  alterations  in  metabolic  activity 
are  owing  to  nerve-influence :  but  there  is  as  yet  no  reason  to 
suppose  that  this  is  exercised  on  tissue  other  than  muscle.  It 
has  been  stated  above,  that  the  chemical  decomposition  which 
gives  rise  to  muscular  contraction  occurs  physiologically  only  in 
response  to  nervous  stimuli,  and  part  of  the  force  liberated 
appears  as  heat.  It  is  possible  that  this  decomposition  may  be 
effected  slowly  under  nerve-influence  without  causing  contrac- 
tion, force  being  manifested  as  heat  only.  Perhaps  this  may  be 
one  way  in  which  the  rise  of  temperature  in  fever  is  caused. 

The  diabetes  which  results  from  head  injuries  and  from  puncture 
of  the  floor  of  the  fourth  ventricle,  seems  certainly  to  be  due  to 
a  too  rapid  conversion  of  glycogen  into  sugar  in  the  liver-cells; 
and  Foster  inclines  to  the  view  that  this  is  due  to  the  direct 
action  of  nerves  on  the  cells.  But  others  connect  the  abnormal 
metabolism  with  the  dilatation  of  the  hepatic  arteries  which 
always  results  from  puncture. 

Many  inflammations  of  skin,  mucous  membranes,  viscera,  bones, 
and  joints,  are  described  as  due  to  section  or  irritation  of  trophic 
nerves. 

In  some  cases  of  hemiplegia  (especially  from  hemorrhage),  and 
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occasionally  from  sabre  wounds  of  the  brain,  extremely  acute  bed- 
sores form  on  the  opposite  buttock;  and  similar  lesions  appear 
over  the  sacrum  in  paraplegia  from  sudden,  extensive  injuries  of 
the  cord.  They  are  distinguished  from  ordinary  bedsores  by 
the  early  date  (second  or  third  day)  and  acuteness  of  their  onset, 
and  the  uselessness  of  the  usual  precautionary  measures.  Cohn- 
heim  objects  to  these,  that  they  are  but  differences  of  degree ; 
and  that  there  is  no  constancy  in  their  occurrence  with  appar- 
ently similar  lesions  of  any  particular  part  of  the  cerebro-spinal 
axis.  It  certainly  is  strange  that  trophic  influence  should  be  so 
marked  just  at  pressure-spots.  In  this  class  of  cases,  too,  cystitis 
and.  pyelitis  may  appear  at  about  the  same  time  as  the  bedsores, 
and  Charcot  thinks  that  these  inflammations  are  due  to  irritation 
of  trophic  nerves;  but,  as  exceedingly  foul  urine,  which  invari- 
ably contains  organisms,  is  noted  before,  or  with,  the  onset  of 
cystitis,  others  believe  that  the  latter  is  due  to  organisms  intro- 
duced from  without  (often  by  a  septic  catheter),  which  render 
the  urine  extremely  irritant  by  putrefaction.  Similar  cases  oc- 
casionally occur  after  the  passage  of  a  few  catheters  in  cases  of 
enlarged  prostate. 

Trigeminal  Keratitis,  etc.  Intracranial  section  of  the  fifth  nerve 
causes  cloudiness  of  the  cornea  in  tw^enty-four  hours,  and  often 
destructive  panophthalmitis;  at  the  same  time  ulcers  appear  on 
insensitive  parts  of  the  mucous  membranes  of  the  mouth  and 
nose.  The  ulcers  in  the  mouth  are  probably  due  to  unheeded 
injuries  from  the  teeth,  etc.;  and  it  is  stated  that  the  keratitis 
can  be  prevented  by  most  carefully  protecting  the  eye  from 
injury  with  the  still  sensitive  ear.  Ulcers  on  the  foot,  often  pro- 
gressive, after  section  of  the  sciatic  are  similarly  accounted  for. 

Pneumonia  after  Section  of  the  Vagi  is  apparently  due  to  entry 
of  food,  etc.,  through  the  insensitive  glottis,  and  not  to  any 
trophic  influence.  It  has  been  suggested,  however,  that  the 
acute  fatty  degeneration  of  the  heart  which  is  found  in  these  cases 
is  really  due  to  the  removal  of  some  action  of  the  vagi  on  its 
tissue. 

Erythema.  Urticaria^  Pemphigus,  and  especially  Herpes,  may 
appear  in  the  distribution  of  nerves  which  are  the  seats  of  some 
irritant  lesion,  as  after  fractured  spine,  in  locomotor  ataxia  and 
other  scleroses  of  the  cord,  inflammation  of  the  Gasserian  or  a 
posterior  spinal  ganglion. 
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Serous  Synovitis,  and  Arthritis  with  rapid  painless  and  great 
erosion  of  the  articuhxr  ends  of  the  bones,  may  occur  in  cases 
of  hemiplegia  and  ataxia,  and  are  supposed  to  be  due  to  involve- 
ment of  the  cells  of  the  anterior  cornu  by  progressive  sclerosis. 
In  both  these  latter  groups  of  cases  a  causal  relationship  between 
the  nervous  disease  and  the  peripheral  lesion  is  very  doubtful. 

Glossy  Skin  (Paget).  In  some  cases  of  irritative  lesion  of  the 
sensory  nerves  of  limbs  (e.g.,  from  gunshot),  the  skin  becomes 
smooth,  shiny,  sometimes  hypereemic,  sometimes  oedematous, 
often  superficially  inflamed  or  the  seat  of  sores  like  chilblains ; 
at  the  same  time  the  part  is  often  the  seat  of  intense  neuralgia. 
Less  severe  symptoms,  but  obviously  similar,  are  seen  after 
simple  section,  and  are  due  to  disturbances  of  circulation  and 
temperature,  and  to  ansesthesia. 

Atrophy  of  parts  cut  off  from  the  nervous  system.  Muscle 
and  certain  glands  have  been  treated  of  above.  In  the  case  of 
muscle,  it  is  to  be  noted  that  if  it  is  regularly  exercised  by  the 
galvanic  current,  atrophy  may  long  be  postponed.  In  a  para- 
lyzed limb  all  tissues  ultimately  waste;  so,  also,  does  the  face 
when  paralysis  of  the  facial  is  not  recovered  from.  This  is  due 
to  impaired  blood  Supply,  for  it  occurs  in  limbs  which  are  simply 
kept  at  rest.  Atrophy  of  the  cock's  comb  and  turkey's  wattles 
results  from  section  of  their  nerves,  and  is  perhaps  to  be  simi- 
larly explained. 

Hypertrophy  of  bone  may  follow  section  of  the  sciatic  in  young 
animals,  and  is  inflammatory,  for  it  never  occurs  unless  large 
ulcers  form,  extending  to  the  bone,  and  even  causing  necrosis. 
Hypertrophy  of  the  rabbit's  ear  after  section  of  its  nerves  has 
been  said  to  occur;  but  many  observers  have  failed  to  produce 
it,  or  have,  at  most,  seen  thickening  of  epidermis  and  hair 
upon  it. 

There  is,  then,  no  evidence  of  the  existence  of  special  trophic 
nerves,  and  no  convincing  proof  of  the  interference  of  the 
nervous  system  in  the  chemical  processes  of  cells  which  perform 
no  special  function.  That  these  processes  may  go  on  undisturbed 
in  the  absence  of  nervous  influence  is  shown  by  the  perfect 
development  of  other  parts  which  is  found  in  anencephalous 
and  amyelous  embryos,  by  the  growth  of  transplanted  epithelium 
and  connective  tissues,  and  by  the  union  of  completely  severed 
parts.     At  the  same  time,  as  we  cannot  offer  a  perfect  explana- 
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tion  of  many  of  the  above-mentioned  cases,  we  cannot  say  posi- 
tively that  the  nervous  system  has  no  direct  influence  upon 
connective  tissues  and  epidermic  cells.  In  the  present  state  of 
our  knowledge,  however,  it  is  dangerous  to  explain  anything  by 
such  an  influence,  it  is  better  to  leave  it  doubtful. 

Having  now  dealt  with  the  Nutritive  and  Functional  Activi- 
ties, we  must  consider  the  Reproductive.  In  early  life  at  least, 
all  cells  possess  the  power  of  reproducing  their  like,  and  in  the 
majority  this  power  is  retained,  although  it  may  not  be  exercised 
physiologicall}^  up  to  advanced  age.  Cessation  of  growth  does 
not  imply  absence  of  ability  to  grow,  for  growth  seems  to  cease 
when  the  supply  of  nutritive  material  to  a  part  is  only  just  suf- 
ficient to  maintain  its  status  quo.  This  is  seen  in  a  hair,  which 
will  not  grow  beyond  a  certain  length — cut  it  short  and  growth 
at  once  begins  again,  the  supply  of  food  being  greater  than  the 
now  shortened  hair  requires  for  simple  nutrition.  To  cause 
cells  which  are  capable  of  multiplying,  to  do  so,  the  supply  of 
food  must  be  increased.  Thus  exercise  of  a  muscle  causes  in- 
creased blood-supply  and  consequent  growth,  but  increased 
blood-supply  to  a  working  tissue,  without  exercise,  will  not  have 
this  effect.  The  hypersemia  round  an  ulcer  of  the  skin  causes 
thickening  of  epidermis  and  connective  tissues,  and  nothing  is 
commoner  than  new  formation  of  bone  round  a  carious  focus. 
For  this  effect  the  increased  supply  must  be  very  frequent  or 
long  continued. 

The  cells  of  the  body  inherit  very  different  amounts  of  vital 
energy.  The  cells  of  the  thymus  are  soon  exhausted,  those  of 
the  epiphyseal  cartilages  later,  and  of  the  generative  organs 
later  still.  In  all  cases,  probably,  the  reproductive  activity  is  the 
first  of  the  vital  manifestations  to  suffer;  then  the  functional 
and  nutritive.  Inability  to  perform  such  chemical  changes  as 
are  necessary  to  remove  effete  material  and  to  repair  waste 
is  natural  in  old  age;  death,  which  may  be  termed  natural,  then 
results  from  "  senile  decay." 

Genesis  of  Cells. — Yirchow's  dictum — Omnis  cellida  e  cellula — 
is  admitted  now  by  all  but  a  few.  It  may  probably  be  added 
that  every  nucleus  is  derived  from  a  preexisting  nucleus. 

Multiplication  of  cells  takes  place  by  simjde  division.  The  cell 
divides  generally  into  two ;  and  the  change  is  preceded  by 
remarkable  appearances  in  the  nucleus.     According  to  Flem- 
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ming,  the  process  of  "  karyokinesis "  may  be  very  briefly 
described  as  follows  (Fig.  2) :  First,  the  nuclear  membrane  dis- 
appears; then  the  resting  nuclear  network  {a)  becomes  mucli 
finer  and  closer,  like  a  ravelled  skein;  then  again  more  open, 
and,  if  not  already  so,  the  cell  becomes  round  (6).  There  seems 
to  be  now  only  one  long  fibre  forming  the  nuclear  network, 
which  next  assumes  the  form  of  a  rosette  or  lureath  (c),  round  a 
clear  central  space,  whilst  a  clear  zone  intervenes  externally 
between  the  network  and  the  cell-substance  proper.  By  division 
of  the  external  bends  of  the  fibre,  and  approximation  of  the 
apices  of  the  Vs  so  as  to  obliterate  the  central  space,  a  star-form 
— aster  (d),  is  produced.  The  fibres  at  this  stage  often  become 
finer  and  more  numerous  by  longitudinal  division  from  their  free 
ends  toward  the  centre.  Instead  of  radiating  from  the  centre 
they  now  become  first  parallel,  and  then  convergent  toward  two 
opposite  points — the  poles — of  the  original  nucleus,  so  that  the 


Forms  assumed  by  a  nueleui  in  dividing,  a,  resting  nucleus;  b,  skein-form,  open  stage; 
c,  wreath-form  ;  d,  aster,  or  star-form  ;  e,  equatorial  stage  of  division  ;  /,  separation  more 
advanced  ;  g  and  h,  star  and  wreath  forms  of  daughter  nuclei;  Reduced  from  Flemming's 
drawings  in  the  "Arch.  f.  Mik.  Anat." 


fibres  now  form  two  sets  of  Vs  with  their  angles  away  from 
the  equator — equatorial  stage  {e).  A  clear  equatorial  line  appears, 
and  widens  (/),  as  one  set  of  Y-fibres  retreats  from  the  other 
division.  From  each  group  the  nucleus  of  a  daughter-cell  is 
formed  by  passing  through — in  reverse  order — all  the  stages 
above  mentioned  {g  and  h),  until  the  resting  stage  is  reached. 
Meanwhile,  the  protoplasm  of  the  cell-body  collects  round  each 
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nucleus,  and  by  the  time  these  have  assumed  the  wreath-form 
its  division  is  complete.  The  daughter-cells,  at  first  small, 
grow,  and  may  themselves  shortly  divide;  and  thus  multiplica- 
tion may  be  very  rapid. 

The  nuciGUS  may  divide  several  times  without  any  division  of 
the  cell-body  occurring;  but  the  latter  increases  continuously  in 
size.  Thus  are  produced  "giant"  or  "  myeloid"  cells — large, 
irregular,  multinucleated  masses  of  protoplasm,  which  are  met 
with  in  the  marrow  of  growing  bone,  in  chronic  inflammations, 
and  in  some  new  growths.     (Fig.  3.) 

Fig.  3. 
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A  multinucleated  cell.     From  the  lung  in  a  case  of  chronic  phthisis.     Showing  the 
large  number  of  nuclei  with  bright  nucleoli.     X  400. 

Finally,  it  remains  to  be  pointed  out,  that  cells  originating 
from  one  embryonic  layer  never  give  rise  to  cells  of  a  kind 
formed  normally  from  another  layer.  Epihlast  forms  nervous 
tissue,  and  the  epithelium  of  sense-organs,  of  the  ventricles  of 
the  brain  and  central  canal  of  the  cord,  of  the  skin,  and  of  the 
mouth.  Hypoblast  forms  the  epithelium  of  the  alimentary  canal 
and  of  all  glands  connected  with  it.  The  Mesohlast  forms  the 
epithelium  of  the  kidney,  testicle,  and  ovary;  the  epithelium  of 
vessels  and  serous  membranes;  all  the  connective  tissues;  blood; 
and  muscular  tissue. 


Disease. 

Having  thus  dealt  with  the  structure  and  functions  of  cells  in 
health,  we  may  now  turn  our  attention  to  disease.  The  func- 
tions of  an  organ  are  really  the  functions  of  the  cells  of  which 
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it  consists;  if  all  these  act  normally,  we  say  that  the  organ  is 
sound;  and  when  all  the  functions  of  every  organ  and  tissue  in' 
the  body  are  normally  performed,  we  describe  the  individual  as 
being  in  perfect  health.  A  very  little  experience  shows  that 
physiological  functions  vary  within  certain,  perhaps  rather  wide, 
limits,  the  perfect  well-being  of  the  individual  being  maintained. 
Consequently,  our  standard  oi Health  is  no  rigid  line;  its  maxi- 
mum and  minimum  are  widely  separated,  and  the  latter  shades 
off  imperceptibly  into  disease. 

It  will  be  inferred  from  the  above  that  the  definition  of  Dis- 
ease is — abnormal  performance  of  function  by  one  or  more  organs  or 
tissues.  This  applies  to  "disease"  as  a  general  term;  but  when 
we  speak  of  a  specific  disease,  as  rheumatism  or  syphilis,  the 
cause  of  such  disease — that  to  which  the  peculiar  disturbances 
of  function  or  structure,  which  distinguish  the  disease  in  ques- 
tion from  all  others,  are  due — is  implied  in  the  word.  The 
same,  or  indistinguishable,  disturbances  of  function  and  structure 
may  be  produced  by  several  causes :  it  is  the  more  or  less  con- 
stant grouping  or  sequence  of  symptoms  or  lesions  which  estab- 
lishes distinct  diseases. 

It  is  worthy  of  note,  also,  that  the  maintenance  of  a  physiological 
maximum,  or  minimum  must  be  regarded  as  pathological.  For 
example,  a  man  out  of  training  will  eliminate  much  more  urea 
than  normal  on  the  first  day  of  a  walking  tour,  but  the  average 
daily  elimination  for  the  whole  tour  will  not  vary  from  the  nor- 
mal. If,  however,  the  man  were  to  go  on  excreting  the  maxi- 
mum quantity  of  the  first  day,  his  state  would  be  one  of  disease. 

The  complete  healthy  life  of  a  cell  consists  in  the  perfect  per- 
formance of  all  its  functions.  For  this,  three  things  are  neces- 
sary: 1st,  that  w^hich  it  inherits — its  vital  energy  —  must  be 
normal;  2d,  it  must  be  supplied  with  sutficient  suitable  food; 
3d,  its  surrounding  physical  conditions  must  be  normal.  Failure 
in  any  one  of  these  will  lead  to  disease,  and  two  great  classes  of 
diseased  conditions  are  at  once  evident — inherited,  due  to  abnor- 
mality of  the  first;  acquired,  due  to  abnormality  of  the  second 
and  third. 

Inherited  Disease. — The  tendency  to  inherited  disease  either 
exists  in  the  ovum  at  the  commencement  of  development,  or  is 
acquired  by  the  ovum  in  fertilization.  As  in  normal  develop- 
ment certain  organs  manifest  their  inherited  tendencies  many 
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years  after  birth,  as  the  development  and  atrophy  of  the  female 
generative  system  at  puberty  and  menopause,  the  appearance 
and  union  of  epiphyses,  etc. ;  so  inherited  tendencies  to  disease 
— although  like  normal  tendencies  they  may  appear  in  utero — 
may  not  show  themselves  until  late  in  life,  as  is  the  case  in 
cancer  of  the  breast  or  uterus.  It  is  possible  that  in  many  cases 
the  same  unrecognized  conditions  which  induced  in  a  parent  the 
morbid  tendency  handed  down,  continue  to  act  on  the  offspring, 
until — with  or  without  some  obvious  exciting  cause — the  disease 
becomes  evident.  We  cannot  say  when  this  tendency  to  disease 
begins:  it  may  have  been  slowly  gaining  strength  for  genera- 
tions. The  fact  that  no  progenitor  had  the  disease  in  question, 
if  he  or  she  lived  well  past  the  age  at  which  such  disease  usually 
manifests  itself,  shows  simply  that  the  causes  had  not  acted  long 
enough  or  with  sufficient  energy  to  produce  it.  It  is  important 
to  recognize  that  even  inherited  disease  has  its  starting-point  in 
conditions  external  to  the  cells  of  the  body. 

With  regard  to  the  actual  mode  in  which  disease  is  inherited 
— it  is  in  some  cases  probable  that  the  poison,  the  actual  cause 
of  the  disease,  is  present  in  the  ovum  or  spermatozoon,  as  has 
been  shown  to  be  the  case  in  the  silkworm  disease  (Pasteur). 
But  how  disease  and  tendencies  to  diseases  which  are  not  due  to 
any  speciiic  poison  are  handed  down,  we  know  no  more  than  we 
do  how  it  is  that  children  inherit  the  features  of  their  parents. 

Often,  no  actual  disease  is  inherited,  but  the  power  of  resist- 
ance of  certain  tissues  against  the  causes  of  certain  diseases  {e.  g.^ 
tubercle)  is  more  or  less  impaired;  or  the  tissues  degenerate 
early,  especially  in  the  fatty  or  calcareous  manner,  so  that  many 
members  of  a  family  may  die  at  about  the  same  age  from  fatty 
heart  or  apoplexy. 

AcQUiKED  Disease. — Starting  with  an  organism  or  part  the  vital 
energy  of  which  is  normal,  disease,  if  it  occur,  must  necessarily 
be  the  result  of  external  conditions;  the  supply  of  food  is  faulty 
either  in  quantity  or  quality,  or  the  physical  conditions  to  which 
the  part  is,  or  has  been,  exposed  are  unsuitable.  It  is  difficult 
to  separate  the  two.  If  the  blood-supply  to  a  part  is  abnormal 
in  quantity,  the  temperature  of  the  part  will  be  changed;  if  a 
portion  of  the  body  is  mechanically  injured,  its  blood-supply 
becomes  abnormal ;  if  a  poison  excites  fever,  the  cells  are 
exposed  to  a  higher  temperature  than  normal :  a  circulus  vitiosus 
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is  established.  Disease  may  be  acquired  even  during  intra- 
uterine life — e.^.,  acute  specifics,  s^^phil is. 

General  and  Local  Disease. — Any  change  in  external  con- 
ditions acting  upon  a  unicellular  organism  would  probably  affect 
every  particle  of  its  substance  and  modify  all  its  functions;  all  its 
diseases  would  therefore  be  general.  But  multiplication  of  cells 
and  specialization  of  functions  enable  abnormal  conditions  to 
act  upon  certain  groups  of  cells  and  to  disturb  their  functions 
without  affecting  (primarily,  at  least)  those  of  other  groups.  "We 
thus  get  local  disease;  and  the  great  majority  of  diseases  belong 
to  this  class.  Perhaps,  indeed,  we  may  say  that  every  disease  is 
primarily  localized  in  a  tissue  or  organ — the  blood  being  counted 
as  a  tissue  of  the  connective  type  of  which  the  intercellular  sub- 
stance is  fluid. 

Structural,  Organic,  and  Functional  Disease. — A  disease 
is  localized  in  an  organ  or  tissue,  during  life,  by  its  symptoms  and 
by  its  physical  signs;  and  after  death  we  find,  as  a  rule,  the  local- 
ization justified  by  the  discovery  in  the  part  of  some  constant 
structural  change.  11}i\q\&  structural  disease.  In  a  large  number 
of  cases,  however,  there  are  no  physical  signs,  only  symptoms 
(epilepsy),  or  the  physical  signs  are  secondary  to  some  primary 
abnormality  of  function  in  one  or  more  organs  (gout,  diabetes). 
There  may  then  be  doubt  as  to  the  organ  or  system  at  fault; 
and,  often,  this  doubt  can  be  settled  only  by  the  discovery  of  a 
constant  structural  change  associated  with  the  symptoms  in 
question.  Diseases  in  which  no  such  change  has  been  found, 
are  classed  2^9,  functional ;  the  belief  being  that  in  them  the  func- 
tions of  certain  cells  are  abnormally  performed,  without  any 
structural  change.  Modern  research  has  greatly  diminished  the 
number  of  functional  diseases;  but  it  is  almost  certain  that  a 
very  large  number  of  the  slighter  ailments  are  due  to  faults  in 
the  chemical  changes  (the  metabolism)  effected  by  cells.  Organic 
disease,  probably,  in  the  first  place,  meant  that  pathologists  had 
been  enabled  to  localize  a  disease  in  an  organ  by  means  of 
structural  change  in  it.  It  has  now  come  to  be  used  as  synony- 
mous with  "structural." 

Etiology  op  Disease. — The  causes  of  disease  are  divided  into 
two  classes — Predisposing  and  Exciting. 

Predisposing  Causes.  Any  agency  which  tends  to  cause  de- 
parture from  the  physiological  state  of  the  whole  body,  or  of 


INTRODUCTION.  33 

apart,  must  be  regarded  as  predisposing  to  disease — e.g.,  priva- 
tion, frequent  irritation.  Many  such  agencies,  when  acting 
more  strongly,  become  excitants  of  disease — i.e.,  cause  the  step 
outside  the  physiological  limit  to  be  taken.  If  to  ciliated  cells, 
detached  from  the  body  and  acting  strongly  under  the  micro- 
scope, a  hot  iron  be  approached,  its  first  eifect  will  be  to  increase 
or  stimulate  their  action;  but  if  the  iron  be  kept  near  them 
long,  or  be  brought  closer,  their  action  slows  and  ceases.  If, 
now,  the  iron  be  removed  at  once,  the  cilia  will,  after  a  period 
of  quiescence,  begin  slowly  to  work — one  here,  one  there,  then 
all — and  may  finally  recover  completely.  This  was  an  experi- 
ment of  Lister,  as  also  was  that  of  showing  the  resolution  of 
inflammatory  stasis  in  the  amputated  web  of  a  frog.  They 
illustrate  a  point  of  fundamental  importance  in  pathology — the 
inherent  'power  of  every  cell  to  recover  after  injury.  They  show  for 
the  elements  what  every  one  knows  of  the  whole — namely,  that, 
cceteris  paribus,  a  strong  man  will  recover  from  a  disease  which 
would  be  fatal  to  a  weakly  one.  It  is  certain,  too,  that  the 
"  life  "  of  cells  resists  the  action  of  injurious  agencies ;  and  that 
this  power  of  resistance  varies  in  the  cases  of  different  tissues — 
e.  g.,  the  rabbit's  ear  resists  the  effects  of  ansemia  much  longer 
than  a  knuckle  of  its  intestine ;  and  also  in  different  individuals. 
Thus,  it  is  a  common  observation  that  certain  people,  who  have 
not  suffered  from  the  acute  specifics,  tend  those  ill  of  these  dis- 
eases without  themselves  catching  them ;  whilst  others  again 
fall  victims  to  them,  one  after  another,  though  not  specially 
exposed.  Such  power  of  resisting  certain  causes  of  disease  does 
not  imply  ability  to  resist  others  of  a  different  nature;  nor  does 
it  necessarily  go  with  muscular  strength.  It  varies  at  different 
times  in  the  same  individual. 

The  following  predisposing  causes  are  generally  considered  : 
Age.  Special  treatises  have  been  written  on  diseases  of  child- 
hood and  on  diseases  of  old  age,  showing  that  there  are  peculi- 
arities with  regard  to  disease  at  these  periods  of  life.  The 
special  liabilities  of  childhood  are  to  some  extent  explained  by 
supposing  that  the  power  of  resisting  injury,  which  all  cells 
possess,  is  not  fully  developed  until  adult  age;  those  of  old  age, 
by  the  fact  that  the  vital  powers  are  wearing  out,  and  degenera- 
tion occurrinsf. 
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Sex.  The  organs  special  to  the  sexes  render  each  liable  to 
special  diseases.  That  women  are  the  special  victims  of  hysteria 
is  probably  due  to  the  fact  that  for  generations  it  has  not  been 
considered  unwomanly  for  a  woman  to  display  feelings  which  it 
has  always  been  the  object  of  men  to  conceal.  But  we  cannot 
explain  the  special  liability  of  women  to  endemic  and  exoph- 
thalmic goitre  and  myxoedema,  nor  their  comparative  immunity 
from  Addison's  disease,  ataxia,  and  general  paralysis. 

Heredity.  It  has  already  been  stated  that  feeble  vital  power, 
without  actual  disease,  may  be  the  heritage  of  the  body,  or  one 
of  its  parts.  It  may  be  noted  further  that,  like  physiological  and 
personal  peculiarities,  disease  sometimes  skips  one  or  more  gen- 
erations (atavism) — e.  g.,  gout.  In  other  cases,  as  in  hsemophilia, 
the  disease  appears  generally  in  the  males  only;  although  the 
females  may,  without  themselves  manifesting  it,  transmit  it  to 
their  offspring. 

The  diseases  which  most  obviously  "  run  in  families "  are  : 
Functional  nervous  disorders — hysteria,  neuralgia,  epilepsy,  in- 
sanity, and  they  are  more  or  less  interchangeable;  carcinoma, 
especially  of  the  breast  and  uterus ;  and  some  simple  growths, 
especially  if  multiple  (lipomata,  osteomata,  papillomata) ;  gout, 
tubercular  disease. 

Effects  of  Previous  Disease.  Some  diseases,  when  once  acquired, 
tend  to  recur  again  and  again.  This  may  be  because  the  tissue 
affected  is  at  the  onset  incapable  of  normal  resistance ;  or  because, 
having  once  been  injured  by  the  disease,  it  does  not  recover  its 
pristine  state.  Sir  J.  Paget  points  out  how  exactly  the  form  and 
structure  of  a  scar  are  preserved  through  years,  almost  as  exactly 
as  are  those  of  normal  parts  which  have  never  been  altered  by 
disease.  He  thinks  that  this  maintenance  of  the  parts  in  the 
state  to  which  they  have  been  brought  by  the  injury,  accounts 
for  their  yielding  more  and  more  easily  each  time  they  are 
exposed  to  the  action  of  the  same  cause.  Catarrhal  inflamma- 
tions of  mucous  membranes,  rheumatism,  and  facial  erysipelas 
are  familiar  examples  of  diseases  which  tend  to  recur. 

On  the  other  hand,  there  are  several  diseases  which  are  said 
to  be  "protective  against  themselves."  An  individual  who  has 
had  smallpox  is,  for  a  time  at  least,  not  liable  to  the  disease. 
This,  too,  Paget  explains  by  supposing  that  the  effect  of  the 
disease  upon  the  blood-forming  organs  is  so  to  modify  them  that 
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they  no  longer  produce  the  pabulum  necessary  for  the  growth 
of  the  smallpox  poison.  If  smallpox  be  caught  a  second  time, 
he  regards  it  as  a  proof  that  the  blood-forming  organs  have  re- 
turned to  the  normal,  in  accordance  with  the  law  above  men- 
tioned— that  injured  tissues  tend  to  recover. 

Certain  other  diseases,  again,  seem  to  modify  very  deeply  the 
functions  of  the  body.  Many  years  after  these  illnesses,  it  is 
found  that  diseases,  which  seem  at  iirst  sight  to  have  nothing  to 
do  with  them,  yield  only  to  the  treatment  proper  for  the  original 
malady.     Such  are  malarial  fever,  syphilis,  gout. 

Exciting  Causes.  These  may  all  be  ranged  under  the  head- 
ings of  Abnormal  Food-supply  and  Abnormal  Physical  Conditions. 

Abnormal  Food-supply.  This  may  be  due  to  errors  in  the  cir- 
culation or  in  the  composition  of  the  blood.  It  may  result  from 
hypersemia  or  anaemia,  from  all  abnormalities  in  blood-constitu- 
tion, whether  due  to  faults  in  its  formation  or  purification,  or  to 
the  introduction  of  poisons  from  without. 

Abnormal  Physical  Conditions.  These  include  injuries  from 
any  one  of  the  physical  forces,  applied  either  from  without,  or, 
so  to  speak,  from  within;  the  results  of  mechanical  obstacles  to 
discharge  of  function  or  of  contents — e.g.,  stricture  of  a  duct  or 
orifice,  strangulation  of  gut,  pressure,  and  the  mechanical  efiects 
of  parasites. 


Mode  of  Extension  of  Disease. — Primary  disease  of  an  organ 
or  tissue  is  frequently  followed  by  secondary  disease  of  other 
parts.     This  may  happen  in  several  ways : 

1.  By  direct  spread  of  a  morbid  process,  as  when  inflammation 
extends  from  skin  to  subcutaneous  tissue,  or  cancer  of  the 
mamma  involves  skin. 

2.  By  the  carriage  of  causes  of  disease  from  a  primury  focus  to 
parts  at  a  distance,  by  the  lymphatics  or  by  the  bloodvessels,  as 
in  embolism  of  the  most  varied  substances. 

3.  Mechanically,  hy  so-called  ^^Back-telling."  Thus  stricture  of 
the  urethra  causes  hypertrophy  of  the  bladder  to  overcome  the 
obstacle  to  the  outflow  of  urine,  or  dilatation  of  the  bladder  if 
its  efibrts  are  futile.  In  either  case,  the  difficulty  of  entry  of 
urine  into  the  bladder  is  increased,  and  the  ureters,  pelves,  and 
kidneys  dilate.     Interstitial  nephritis  results  from  the  pressure. 


36  INTRODUCTION. 

the  renal  functions  are  imperfectly  performed,  and  this  is  detri- 
mental to  the  organism  at  large.  The  succession  of  changes 
which  result  from  mitral  incompetence  is  another  familiar  ex- 
ample of  this  mode  of  extension  of  disease. 

4.  Failure  of  any  part  to  do  its  share  of  work  in  the  economy. 
The  result  will  depend  upon  the  completeness  with  which  its 
defection  can  be  compensated.  If  the  work  can  be  done  by 
other  parts,  as  can  that  of  a  sweat  or  sebaceous  gland,  nothing 
is  noticed ;  but  after  extirpation  of  a  kidney  which  was  doing 
work,  a  time  of  danger  from  diminished  excretion  of  urinary 
products  has  to  be  gone  through,  the  other  kidney  being  at  first 
unequal  to  the  double  duty.  Failure  of  the  cardiac  or  of  the 
respiratory  function  will  cause  death,  there  being  no  power  of 
compensation. 


Terminations  of  Disease. — The  possible  terminations  of  dis- 
ease are  recovery,  or  return  of  the  part  to  the  discharge  of  its 
normal  functions;  partial  recovery;  and  death,  or  complete 
cessation  of  function.  Certain  diseases  can  scarcely  be  said 
to  have  a  termination;  when  once  established  they  remain  sta- 
tionary. 


CHAPTER  I. 

NUTRITION    ARRESTED. 

Necrosis. 

The  absolute  and  permanent  arrest  of  the  performance  of 
function  in  a  part  constitutes  necrosis,  gangrene,  or  local  death. 

Etiology. — Whatever  interferes  with  the  supply  of  nutritive 
material  to  a  part,  or  destroys  the  vital  activity  of  its  cellular 
elements,  may  cause  its  death. 

A.  The  supply  of  nutritive  material  may  be  interfered  with 
by- 

1.  Obstruction  in  the  Arteries.  This  is  a  common  cause  of 
necrosis.  The  obstruction  may  be  caused  by  compression  by 
ligature,  tumor,  etc.,  by  rupture,  thrombosis,  or  embolism,  or 
by  disease  of  the  arterial  coats.  If  the  obstruction  be  complete 
'and  a  collateral  circulation  cannot  be  established,  death  of  the 
part  quickly  ensues. 

2.  Obstruction  in  the  Capillaries.  Obstruction  here  is  often  the 
result  of  pressure  upon  or  stretching  of  the  vessels.  This  may 
take  place  from  the  accumulation  of  inflammatory  products, 
hemorrhage,  or  from  the  pressure  exercised  by  new  growths. 
The  resulting  obstruction  to  the  capillary  circulation  causes  the 
death  of  the  immediately  adjacent  tissues.  As  examples  of 
necrosis  from  this  cause,  may  be  mentioned  that  of  the  super- 
ficial layers  of  the  bone,  which  so  frequently  results  from  peri- 
ostitis, owing  to  the  compression  of  the  capillaries  between  the 
bone  and  the  periosteum ;  the  sloughing  of  tendons  in  whitlows 
before  they  are  opened  ;  and  the  formation  of  ordinary  bedsores. 
When  inflammation  causes  gangrene  it  is  ultimately  by  the  pro- 
duction of  stasis,  leading  to  death  of  the  tissues  from  malnutri- 
tion and  coagulation  of  blood  in  their  capillaries.  Whenever 
necrosis  of  a  tissue  occurs,  the  blood  coagulates  in  its  capillaries; 
and  thus  hemorrhage  from  gangrenous  parts  is  prevented. 

3.  Obstruction  in  the  Veins.  Obstruction  to  the  return  of  blood 
by  the  veins  must  be  so  complete  in  order  to  arrest  nutrition, 
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that  it  is  in  itself  rarely  a  cause  of  necrosis.  It  is  when  asso- 
ciated with  cardiac  weakness  or  obstruction  in  the  arteries  that 
it  constitutes  an  important  agent  in  producing  this  result;  for 
then  the  force  necessary  to  drive  the  blood  on  through  the  much 
narrowed  venous  channel  is  quite  inadequate.  This  is  seen  after 
ligature  of  a  main  artery  and  its  vein,  and  in  accidental  injury 
of  the  vein  during  the  operation  of  ligature  of  a  large  artery, 
especially  in  the  thigh;  also  in  constriction  of  a  part  by  a 
bandage  not  tight  enough  to  occlude  the  arteries. 

4.  Diminished  Cardiac  Power.  This  is  never  independently  a 
cause  of  necrosis.  In  cases,  however,  of  excessive  general 
debility,  or  disease  of  the  cardiac  substance,  the  consequent 
diminution  in  the  contractile  power  of  the  heart  materially  aids 
the  foregoing  causes  in  producing  a  fatal  blood-stasis.  The 
arrest  of  the  circulation  in  "senile  gangrene,"  and  that  which 
so  often  occurs  in  the  tissues  of  the  back  in  adynamic  fevers  and 
in  chronic  exhausting  diseases,  is  in  part  the  result  of  diminished 
cardiac  power.  This  arrest  in  the  last  named  conditions  is 
usually  determined  by  some  injurious  irritation  of  the  tissue — 
in  other  words,  it  is  a  part  of  an  inflammatory  process. 

5.  Inflammation.  As  a  cause  of  necrosis,  inflammation  belongs 
partly  to  group  A,  and  partly  to  group  B.  The  efiect  of  the 
inflammatory  process  is  to  impede  or  arrest  the  circulation,  and 
to  impair  the  vitality  of  the  affected  part,  and  the  intensity  of 
the  process  may  be  so  great  as  to  cause  coagulation  in  the  capil- 
laries and  death  of  the  tissue  (see  "  Inflammation  ").  When  a 
strangulated  or  invaginated  piece  of  gut  is  released,  and  the 
circulation  is  reestablished,  severe  inflammation,  perhaps  leading 
to  gangrene,  frequently  ensues.  Cohnheim's  experiment  of 
tying  off  a  rabbit's  ear  has  been  repeated.  It  is  of  practical 
importance  to  note  that  inflammation  sets  in  only  on  reestablish- 
ment  of  the  circulation — i.  e.,  when  the  gut  is  returned  to  the 
peritoneum;  there  is  none  whilst  it  is  in  the  sac.  A  much  con- 
tused and  lacerated  part  may  ultimately  be  killed  by  the  pressure 
of  the  effusion  from  its  injured  vessels  still  further  impeding  the 
flow  through  them.  Certain  inflammations  have  a  special  ten- 
dency to  terminate  in  necrosis,  as  diphtheria,  carbuncle,  noma, 
"hospital  gangrene,"  and  spreading  traumatic  gangrene.  In 
these  conditions  the  intensity  of  the  injury  to  the  tissues  is 
probably  due  to  the  action  of  minute  organisms.     In  all  cases 
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the  more  impaired  the  nutrition  of  the  part  which  becomes  the 
seat  of  an  inflammatory  process,  the  more  likely  is  this  to  cause 
its  death. 

B.  Destruction  of  the  activity  of  the  cellular  elements  maybe 
caused  by — 

Physical  and  Chemical  Agencies.  A  part  may  be  completely 
disorganized  and  lose  its  vitality  as  the  result  of  external  violence, 
great  heat  or  cold.  Many  corrosive  chemicals,  as  acids  and 
caustic  alkalies,  destroy  the  life  of  cells.  ISTormal  urine  is  very 
irritating,  often  exciting  extensive  sloughing  when  extravasated 
from  a  ruptured  urethra.  Putrid  urine  or  foul  secretions  from 
wounds  are  even  more  intensely  irritant,  sometimes  directly 
destroying  the  cells  like  a  caustic.  As  mentioned  in  the  last 
paragraph,  organisms  other  than  those  of  putrefaction  have  a 
similar  eifect.  These  physical  and  chemical  causes  frequently 
produce  necrosis  by  exciting,  in  the  first  place,  acute  inflamma- 
tion. 

These  are  the  several  causes  of  necrosis ;  but  it  must  be  borne 
in  mind  that  the  process  is  often  complex,  and  due  to  the  com- 
bined influence  of  two  or  more  of  them.  The  liability  to  necrosis 
will  greatly  depend  also  upon  the  power  of  the  tissues  to  resist  injury. 
This  varies,  probably,  in  different  individuals,  and,  certainly,  in 
different  tissues  in  the  same  individual — intestine,  for  example, 
being  much  less  resistant  to  injury  than  skin.  Conditions  which 
lead  to  the  death  of  a  part  in  which  the  circulation  was  already 
impeded,  or  the  vitality  of  the  cellular  elements  impaired,  pro- 
duce no  such  effect  where  such  local  weakness  does  not  obtain. 
This  is  well  exemplified  by  the  necrosis  of  the  tissues  of  the 
back  from  pressure,  which  so  often  occurs  in  conditions  of 
debility ;  by  varicose  ulcers  of  the  legs ;  by  the  gangrene  of  the 
extremities  which  sometimes  results  from  the  long-continued 
ingestion  of  ergot;  and  especially  by  senile  gangrene. 

Se7iile  Gangrene.  This  is  a  form  of  necrosis  which  affects 
especially  the  lower  extremities  of  old  people,  and  is  the  result 
of  several  of  those  etiological  conditions  which  have  already 
been  enumerated. 

The  most  important  element  in  the  production  of  senile  gan- 
grene is  the  presence  of  atheromatous  or  calcareous  changes  in 
the  arteries  of  the  limb,  which  greatl}^  diminish  their  elasticity 
and  calibre,  and  proportionately  impair  the  circulation  in  and 
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nutrition  of  the  part.  This  is  shown  by  the  coldness  of  feet, 
cranips,  and  other  abnormal  sensations  so  often  experienced  by 
the  patient  for  some  time  before  the  gangrene  sets  in.  The 
slowing  of  the  circulation  is  usually  much  increased  by  simul- 
taneous atrophy  or  degeneration  of  the  muscular  substance  of 
the  heart  itself.  The  prolonged  contact  of  the  blood  with  an 
abnormal  vessel-wall,  thus  brought  about,  is  sometimes  sufficient 
to  cause  the  formation  of  a  thrombus  in  the  artery,  which  slowly 
spreads  until  it  may  extend  from  the  foot  to  the  groin.  Gan- 
grene begins  in  one  or  more  toes,  and  also  extends  slowly.  It 
is  surprisingly  limited ;  thus  the  whole  foot  may  not  be  gan- 
grenous where  the  thrombus  extends  into  the  popliteal  artery. 
In  other  cases  embolism,  with  superadded  thrombosis,  may  be 
the  starting-point — a  chalky  plate  or  a  parietal  thrombus  being 
swept  from  a  large  into  a  smaller  artery.  Finally,  the  gangrene 
may  be  inflammatory,  due  to  some  very  slight  injury,  such  as 
a  slight  abrasion  of  the  foot,  the  cutting  of  a  corn,  or  excess  of 
heat  or  cold,  acting  upon  the  under-nourished  vessels  and  tissues. 

The  Characters  of  the  Dead  Part. — These  vary  according 
to  whether  the  part  dries  or  remains  moist  and  putrefies.  These 
two  varieties  are  spoken  of  as  Dry  and  Moist  Gangrene.  ■ 

Dry  Gangrene  or  Mummification.  The  conditions  favorable  to 
the  occurrence  of  this  are:  Causation  of  the  necrosis  by  inter- 
ference with  the  supply  of  blood  to  the  part,  the  veins  and 
lymphatics  being  left  free;  such  position  of  the  part  as  shall 
favor  the  return  of  fluid  by  veins  and  lymphatics ;  slow  progress 
of  the  gangrene ;  removal  of  the  epidermis,  which  much  impedes 
evaporation;  free  exposure  to  a  current  of  cool  or  hot  dry  air; 
and  the  predominance  in  the  part  of  such  tissues  as  naturally 
contain  but  little  fluid — bone,  cartilage,  and  tendon.  Under 
such  circumstances  the  part,  which  is  pale,  slowly  shrivels, 
becoming  brown  or  black;  and  beyond  the  drying,  its  tissues 
undergo  little  change.  Dry  gangrene  often  results  from  embo- 
lism, from  slowly  progressing  arterial  thrombosis,  and  from  the 
prolonged  administration  of  ergot  of  rye. 

Moist  Gangrene.  Under  opposite  circumstances,  where,  from 
an  acute  inflammation,  or  from  venous  obstruction  combined 
with  a  weak  arterial  supply,  a  part,  consisting  largely  of  muscle 
and  other  soft  structures,  becomes  rapidly  gangrenous,  it  is 
gorged  with  an    albuminous   fluid  full   of  breaking-down  red 
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blood-corpuscles.  The  hsemoglobin  of  these  forms  a  red  solu- 
tion which  soaks  into  and  stains  all  the  tissues.  The  limb  is 
much  swollen,  of  purplish  color,  and  often  studded  with  bullae 
of  blood-stained  fluid.  If  such  a  part  is  exposed  to  warm,  moist 
air,  septic  bacteria  quickl}'  enter  through  the  skin,  multiply 
rapidly  in  the  highly  putrescible  fluid,  and  generate  by  their 
action  gases — chiefly  sulphuretted  hydrogen,  ammonia,  nitrogen, 
and  carbonic  acid  —  which  give  rise  to  the  emphysematous 
crackling  so  often  associated  with  gangrene.  The  tissues  soften 
and  liquefy,  the  whole  part  becomes  exceedingly  offensive,  and 
its  tissues  change  in  color  from  reddish-  to  brownish-  or  green- 
ish-hlack.  For  putrefaction  to  occur  it  is  absolutely  essential 
that  the  bacterium  termo  be  admitted  to  the  part;  consequently 
such  changes  are  met  with  chiefly  in  external  parts  or  internal 
organs  to  which  air  has  free  access.  When  the  life  of  an  internal 
organ  or  part  is  destroyed,  as  by  infarction,  but  bacteria  are  not 
admitted  to  it,  its  tissues  undergo  a  series  of  degenerative  fatty 
changes  known  as  necrobiosis. 

Course. — Gangrene  may  be  circumscribed  or  spreading.  The 
course  varies  chiefly  with  the  cause;  but  the  resistance  of  the 
tissues,  depending  upon  their  vital  energy  and  blood-supply, 
must  always  be  taken  into  account,  for  causes  which  have  little 
effect  on  healthy  tissues  lead  to  sloughing  in  the  aged  (p.  40), 
the  diabetic,  albuminuric,  or  intemperate. 

With  regard  to  the  first  factor — circumscribed  gangrene  im- 
plies a  circumscribed  cause.  This  form  is  exemplified  by  the 
death  of  tissue  resulting  from  mechanical  violence,  the  actual 
cautery,  complete  stoppage  of  the  circulation,  etc.  On  the  other 
hand,  spreading  gangrene  necessitates  a  cause  Avhich  spreads 
before  it.  Thus  gangrene  from  arterial  thrombosis  often  spreads, 
but  slowly  and  with  a  well-defined  margin.  But  the  typical 
spreading  gangrenes  are  those  due  to  inflammation,  in  which, 
probably,  the  action  of  organisms  on  the  fluids  of  the  part  pro- 
vides fresh  quantities  of  the  irritant. 

When  the  process  becomes  circumscribed,  the  dead  tissue — 
sphacelus  or  slough — acts  as  an  irritant  to  the  adjacent  living- 
structures,  causing  more  or  less  inflammation  of  them.  If  the 
slough  is  aseptic,  the  inflammation  is  slight — leading  merely  to 
the  formation  of  a  layer  of  connective  tissue  round  the  dead 
mass  by  which  it  becomes  encapsuled.     This  occurs  especially 
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in  internal  parts,  and  is  best  illustrated  by  the  fate  of  simple 
infarcts.  When  thus  encapsuled  the  dead  part  ceases  to  irritate; 
it  becomes  decolorized,  fatty,  infiltrated  with  small  round  cells, 
and  is  converted  into  a  small  fibrous  scar,  which  may  calcify. 

When  the  slough  is  superficial  it  generally  putrefies  and 
becomes  strongly  irritant;  but  mummification  will  prevent  this. 
The  inflammation  of  living  tissue  round  the  now  limited  slough 
is  spoken  of  as  the  line  of  demarcation.  Exudation  and  migration 
occur  freely  into  a  narrow  zone  of  living  tissue  surrounding  the 
edges  and  base  of  the  slough,  fibres  and  all  firm  connections 
between  the  living  and  dead  tissues  are  softened  and  eaten 
through,  and,  finally,  the  slough  is  cast  ofi"  when  this  process  is 
complete,  by  suppuration  occurring  along  the  line  of  demarca- 
tion. If  the  v,'hole  thickness  of  a  limb  dies,  the  stump  left  by 
casting  off  the  sphacelus  will  be  conical ;  for  the  soft  parts  re- 
tract somewhat,  and  the  bone  separates  lower  down.  The  less 
vascular  a  tissue  the  longer  is  the  time  occupied  in  its  erosion — 
e.g.,  fascia,  tendon,  bone.  After  removal  of  the  slough,  an 
ulcerated  surface  is  left.  If  the  dead  mass  be  deeply  seated, 
and  suppuration  occur  about  it,  fistulse  form,  leading  from  it  to 
the  surface,  through  which  it  may  ultimately  be  cast  off.  This 
is  seen  in  necrosis  of  bone. 

Post-mortem  Changes. 

The  changes  which  always  occur  in  tissues  after  death  must 
now  be  considered  more  particularly.  First,  with  regard  to 
the  blood  :  This  fluid  undergoes  the  earliest  and  most  rapid 
change.  The  haemoglobin  escapes  from  the  red  corpuscles, 
partly  by  exudation,  and  partly  by  the  destruction  of  the  cor- 
puscles themselves,  and,  dissolved  in  the  liquor  sanguinis,  per- 
meates Ihe  surrounding  tissues.  The  corpuscles  are  ultimately 
completely  annihilated,  nothing  remaining  but  a  few  minute 
granules.  The  staining  of  the  tissues  with  haemoglobin  is  com- 
monly known  as  jjost-rnortem  staining,  and  the  appearances  it 
presents  are  ver}^  characteristic.  The  lining  membrane  of  the 
heart  and  bloodvessels,  being  in  immediate  contact  with  the 
blood  after  death,  are  the  parts  principally  affected.  The  stain- 
ing is  of  a  uniform  pinkish-red  color,  thus  difiering  from  the 
punctiforni  and  stratiform  redness  of  hyperaemia,  from  which  it 
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must  be  carefully  distinguished.  The  amount  of  staining  is  in 
proportion  to  the  rapidity  with  which  decomposition  has  taken 
place,  and  to  the  amount  of  blood  contained  in  the  part  at  the 
time  of  death.  Marked  staining  of  the  endocardium  and  great 
vessels  soon  after  death  is  a  sign  of  septic}3emia. 

In  muscle  the  arrest  of  nutrition  is  accompanied  by  a  state  of 
rigidity,  known  as  the  Rigor  Mortis.  This  is  a  peculiar  condition 
of  the  muscles  observed  in  almost  all  bodies  after  death,  in 
which  they  become  j&rm  and  somewhat  shortened,  as  though  in 
a  state  of  chronic  contraction.  It  comes  on  as  soon  as  the 
muscles  have  lost  their  irritability — i.  e.,  their  capability  of  re- 
sponding to  artificial  stimulation  ;  in  other  words,  as  soon  as  the 
nutritive  processes  have  completely  ceased.  The  time  of  its  ap- 
pearance will  therefore  depend  upon  the  state  of  nutrition  of 
the  muscles  at  the  time  of  death ;  the  more  healthy  and  vigor- 
ous this  is,  the  longer  it  is  before  the  nutritive  processes  com- 
pletely cease,  and  consequently  the  longer  it  is  before  the  rigor 
mortis  supervenes.  The  length  of  its  duration  and  its  intensity 
are  in  direct  proportion  to  the  lateness  of  its  appearance.  In 
people,  for  example,  who  are  in  perfect  health  and  die  suddenly, 
as  from  accident,  the  rigor  mortis  does  not  usually  come  on 
until  from  ten  to  twenty-four  hours  after  death  ;  it  is  very 
marked,  and  often  lasts  two  or  three  days.  In  those,  on  the 
other  hand,  who  die  from  some  exhausting  disease,  as  from 
chronic  phthisis  or  the  adynamic  fevers,  in  which  the  nutrition 
of  the  muscles  becomes  much  impaired,  the  rigor  mortis  appears 
very  soon,  sometimes  as  early  as  ten  minutes  after  death;  it  is 
very  slight,  and  may  pass  off  in  less  than  an  hour.  It  has  been 
said  that  in  cases  of  death  from  poisoning  by  carbonic  acid  and 
sulphuretted  hydrogen,  from  lightning,  and  from  some  of  the 
severer  forms  of  the  adynamic  fevers,  the  rigor  mortis  is  entirely 
absent.  It  is  doubtful,  however,  if  this  is  the  case,  as  the  rigor 
mortis  has  probably  escaped  observation,  owing  to  its  early 
supervention  and  rapid  disappearance.  As  soon  as  the  rigor 
mortis  has  passed  off,  decomposition  of  the  muscular  tissue 
commences. 

With  regard  to  the  nature  of  the  change,  Kiihne  and  others 
have  shown  that  it  is  really  owing  to  the  coagulation  of  the 
albuminous  substance  of  the  muscle — myosin.  The  myosin, 
fluid  during  life,  coagulates  when  nutrition  has  ceased,  the  co- 
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agulation  being  attended  by  the  liberation  of  a  free  acid.  Thus 
are  produced  the  firmness,  hardness,  and  opacity  of  the  muscle 
characteristic  of  rigor  mortis.  These  disappear  as  soon  as  de- 
composition commences;  the  transverse  striation  of  the  fibres 
becomes  indistinct,  and  gives  place  to  irregular  rows  of  granules 
and  fat-molecules,  the  muscle  softens,  its  sarcolemma  is  de- 
stroyed, and  ultimately  nothing  remains  but  a  soft  structureless 
debris.  This  change  occurs  not  only  in  muscle;  in  the  cells  of 
other  tissues  a  similar  coagulation  of  the  protoplasm  takes  place 
on  the  cessation  of  the  nutritive  processes. 

Respecting  the  post-mortem  changes  in  other  tissues — proto- 
plasm generally  not  only  coagulates,  but  tends  to  become  finely 
granular  after  death.  It  sometimes  increases  in  size,  so  that  the 
cells  look  swollen;  and  in  nucleated  cells  the  nucleus  often 
shrinks  or  entirely  disappears.  The  cells  ultimately  break  up 
into  molecules  of  various  sizes.  In  adipose  tissue,  the  cells  di- 
minish in  size,  owing  to  the  escape  of  the  fluid  fat,  which  diffuses 
itself  throughout  the  surrounding  structures.  The  fibres  of 
connective  tissue  swell  up,  become  opaque,  and  ultimately 
liquefy.  In  nerve-fibres,  the  white  substance  of  Schwann  coagu- 
lates and  collects  into  small  drops  (myelin)  within  the  neuri- 
lemma. Cartilage  and  bone  resist  the  putrefactive  process 
longer  than  any  of  the  tissues,  and  are  the  least  altered  by  it. 


CHAPTER   II. 

NUTRITION    IMPAIRED. 

It  has  been  seen  in  the  preceding  chapter  that  absolute  arrest 
of  nutrition  is  followed  by  complete  cessation  of  all  manifesta- 
tions of  vitality  and  function,  constituting  necrosis  or  local  death. 
Those  conditions  must  now  be  considered  in  which  the  inter- 
ference with  nutrition,  for  the  most  part,  falls  short  of  absolute 
arrest,  and  in  which  impairment  of  vital  energy  is  the  character- 
istic, death  being  only  an  occasional  consequence.  Such  condi- 
tions are  comprised  under  "  Atrophy  "  and  "  Degeneration." 
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Atrophy. 

Atrophy  must  be  carefully  distinguished  from  arrested  devel- 
opment. It  is  a  decrease  in  the  amount  of  a  tissue,  owing  either 
to  diminution  in  the  size  or  in  the  number  of  the  histological 
elements  of  which  it  is  composed.  It  is  attended  by  loss  of 
weight  and  impairment  of  function.  When  the  elements  are 
diminished  in  size  only,  it  is  called  Simple  Atrophy ;  when  the 
number  is  diminished,  it  is  called  Numerical  Atrophy.  These  two 
varieties  are  often  associated,  the  latter  being  an  advanced  stage 
of  the  former. 

Simple  diminution  in  size  of  the  elements  of  a  tissue  is  the 
most  common  condition  met  with  in  atrophy,  and  may  affect  all 
tissues,  as  is  well  exemplified  by  what  takes  place  in  ordinary 
emaciation.  Thus,  adipose  tissue  is  merely  common  connective 
tissue,  many  cells  of  which  are  distended  with  fat.  When  a 
person  emaciates,  the  fat  is  gradually  removed  from  the  cells, 
so  that  they  diminish  in  size,  and  the  fat  which  completely  filled 
the  cell  may  be  reduced  to  a  few  isolated  drops ;  the  cell-wall  and 
nucleus  at  the  same  time  often  become  distinctly  visible  (Fig.  4). 

Fig.  4. 


Adipose  tissue.     A.  Normal.     B.  Atrophic,  from  a  case  of  phthisis,     a.  A  single 
fat-cell,  with  cell-wall,  nucleus,  and  drop  of  fat.     X  300.     (Virchow.) 


Here  there  is  no  destruction  of  the  cells,  no  diminution  in  their 
number,  but  simply  the  removal  of  some  of  their  contents.  As 
the  fat  is  removed  from  the  cells,  it  is  usually  partially  replaced 
by  a  serous  fluid.  Multiplication  of  the  nucleus  is  also  often 
observed.  The  cells  of  all  glands  may  thus  become  atrophied, 
and  so  produce  a  diminution  in  the  size  of  the  whole  organ. 
Muscular  tissue  also  may  atrophy  by  simple  diminution  in  the 
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size  of  its  primitive  fasciculi;  and  here,  as  in  adipose  tissue,  the 
process  appears  often  to  be  associated  with  a  multiplication  of 
the  nuclei  of  the  muscle.  In  all  these  cases  the  elements  remain 
almost  unchanged ;  hence,  all  that  is  necessary  for  restitution  of 
the  tissue  is  a  diminution  of  waste,  or  an  increase  of  repair, 
according  as  the  one  or  the  other  is  faulty. 

A  diminution  in  the  number  of  elements — numerical  atrophy 
— is  often  an  advanced  stage  of  simple  atrophy.  The  elements 
not  only  diminish  in  size,  but  some  of  them  actually  perish  and 
cease  to  exist  as  vital  agents.  It  is  well  seen  in  advanced 
atrophies  of  muscle.  In  it,  restitution  is  possible  only  by  the 
production  of  new  elements,  whereas  in  simple  atrophy  repair 
can  be  effected  without  new  formation.  In  certain  tissues,  in 
which  growth  occurs  by  addition  of  new  elements,  and  not 
by  enlargement  of  preexisting  cells — as  the  spleen,  lymphatic 
glands,  and  skin — atrophy  is  probably  always  due  mainly  to 
numerical  loss. 

Atrophy  may  be  general,  affecting  to  a  greater  or  less  extent 
all  the  organs  and  tissues  of  the  body,  or  it  may  be  local  and 
limited  to  particular  parts.  In  general  atroph}^  the  stress  falls  at 
first  upon  the  subcutaneous  adipose  tissue,  then  upon  the  adipose 
tissue  in  other  situations,  as  that  surrounding  the  viscera  and  in 
the  omentum,  then  upon  the  muscles  and  glandular  organs,  and, 
lastly,  on  the  osseous  and  nervous  structures. 

Although  atrophy,  in  its  strict  signification,  consists  simply 
in  a  diminution  in  the  size  or  in  the  number  of  the  component 
elements  of  a  tissue,  it  is  rarely  a  perfectly  simple  process,  but 
is  usually  associated  with  more  or  less  fatty  degeneration.  This 
indicates  fault  in  the  chemical  processes  of  the  cells.  Probably, 
when  the  nutrition  of  a  part  is  so  much  interfered  with  as  to 
cause  it  to  atrophy,  those  portions  of  its  cells  which  should 
be  combined  with  oxygen  and  rendered  soluble,  remain ;  fatty 
degeneration  is  the  natural  fate  of  protoplasm  under  such  con- 
ditions. It  is  possible,  too,  that  an  atrophying  tissue  would  not 
store  sufficient  oxygen  for  its  use.  It  will  be  seen  subsequently 
that  fatty  degeneration  arises  from  causes  similar  to  those  which 
produce  atrophy  itself. 

Etiology. — Atrophy  of  the  whole  body  or  of  a  part  is  sure 
evidence  that  the  total  or  local  nutritive  exchange  is  disturbed, 
so  that  waste  exceeds  repair.     This  is  the  immediate  cause  of 
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all  atrophies.  Repair  may  be  deficient  because  of  insufiicient 
supply  of  food,  or  because  of  inability  on  the  part  of  the  tissues 
to  use  the  food  supplied.  The  circumstances  which  excite  ex- 
cessive waste  in  cells  are  but  little  understood  (see  "  Effect  of 
Nervous  System  upon  Nutrition ").  It  is  convenient  to  speak 
of  general  atrophy  as  distinct  from  local. 
General  Atrophy  may  be  caused  by — 

1.  Deficient  Supply  of  .Nutritive  Material.  Whatever  interferes 
with  the  supply  of  nutritive  material  to  the  tissues  will  be  fol- 
lowed by  their  atrophy.  Deficient  supply  of  food;  obstruction 
to  the  passage  of  the  food  into  the  stomach  or  intestines,  as  in 
stricture  of  the  oesophagus  or  pylorus,  the  mal assimilation 
which  results  from  the  various  conditions  giving  rise  to  dys- 
pepsia, interference  with  the  absorption  of  the  chyle,  from  ob- 
struction of  the  thoracic  duct,  or  disease  of  the  mesenteric  glands 
constituting  the  so-called  "tabes  mesenterica,"  may  all  in  this 
manner  be  causes  of  general  atrophy. 

2.  Excessive  Waste.  All  those  conditions  which  are  attended 
by  the  loss  of  large  quantities  of  nutritive  material  may  be  causes 
of  general  atrophy.  Such  conditions  are  furnished  by  continu- 
ous hemorrhages,  profuse  and  long-continued  suppuration,  such 
as  often  occurs  in  caries  of  the  spine  and  empyema,  diarrhoea, 
and  the  excretion  of  large  quantities  of  albumen  or  sugar,  as  in 
Bright's  disease  or  diabetes.  The  waste  resulting  from  the  in- 
creased tissue-change  which  accompanies  acute  febrile  diseases 
must  also  be  included  under  this  head. 

3.  Impaired  Vital  Activity.  This  constitutes  an  important  ele- 
ment in  the  production  of  the  atrophy  of  old  age — senile  atrophy. 
As  life  advances,  the  ability  of  the  elements  to  perform  those 
chemical  processes  which  are  necessary  to  prepare  and  assimi- 
late food  to  compensate  for  waste  gradually  diminishes,  hence 
they  gradually  atrophy,  and  ultimately  all  manifestations  of 
their  vitality  may  cease. 

Although  general  atrophy  may  thus  be  referred  to  one  of  the 
foregoing  causes,  it  is  rarely  a  simple  process,  but  usually  de- 
pends upon  the  combined  influence  of  two  or  more  of  them. 
The  atrophy  associated  with  pulmonary  phthisis,  for  example, 
results  partly  from  the  loss  of  nutritive  material  in  the  profuse 
expectoration  and  diarrhoea,  partly  from  the  deficient  supply 
consequent  upon  the  imperfect  oxidation  of  the  blood  and  upon 
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the  interference  with  assimilation  which  is  so  often  caused  by 
structural  changes  in  the  stomach  and  intestines,  and  partly 
from  the  increased  tissue-change  of  fever.  In  senile  atrophy, 
again,  in  addition  to  the  general  diminution  of  nutritive  activity, 
there  is  frequently  some  condition  of  the  digestive  organs  inter- 
fering with  assimilation  which  materially  aids  in  producing  the 
ultimate  result.  Increased  tissue-waste,  loss  of  appetite,  and 
interference  with  assimilation  are  all  causes  in  the  production  of 
the  atrophy  which  accompanies  fever. 

Local  Atrophy.  In  dealing  with  local  atrophy,  it  is  much 
more  difficult  to  discover  which  of  the  factors  in  the  nutritive 
exchange  is  at  fault.     The  first  group  is  a  simple  one. 

1.  Deficient  Supply  of  Nutritive  Material.  The  effect  of  dimin- 
ishing the  blood-supply  to  a  part  will  vary  with  the  amount  of 
diminution  from  slight  atrophy  to  death. 

Diminished  supply  of  arterial  blood  is  a  common  cause  of 
atrophy,  and  may  be  brought  about  in  various  ways.  (1)  By 
obstruction  of  the  supplying  vessels  before  they  enter  a  part; 
thus  atrophy  of  the  testis  may  result  from  pressure  of  an  ab- 
dominal aneurism  on  its  artery,  and  wasting  of  the  proximal 
fragment  of  a  long  bone  may  follow  its  fracture  above  the  point 
of  entry  of  the  nutrient  artery.  (2)  Pressure  may  be  continu- 
ously exercised  upon  a  part,  in  such  a  way  as  not  to  constrict 
the  veins  specially;  thus  is  produced  atrophy,  even  of  bones, 
from  pressure  of  aneurisms  and  tumors,  deep  fissures  in  organs 
like  the  liver  by  pressure  of  band-like  adhesions,  atrophy  of 
kidne}^  from  obstruction  in  urinary  passages,  and,  rarely,  wast- 
ing of  a  testis  by  pressure  of  old  hematoceles  or  hydroceles. 
(3)  Pressure  may  be  developed  within  the  capsule  of  an  organ 
by  the  appearance  of  some  nmv  growth,  or  of  some  inflamma- 
tory effusion — especially  that  of  small  round  cells  going  on  to 
the  formation  of  young,  strongly  contractile  connective  tissue. 
The  effect  of  this  is  seen  in  granular  contracted  kidney,  cirrhosis 
of  the  liver,  and  indeed  in  all  "  sclerosing"  processes.  In  groups 
(2)  and  (3)  the  pressure  must  also  act  directly  on  the  cells  of  the 
part  and  so  impair  their  powers.  These  groups  include  the 
atrophies  commonly  known  as  pressure-atrophies. 

2.  Diminished  Functional  Activity.  This  is  a  convenient  clinical 
group,  many  examples  occurring  both  physiologically  and  patho- 
logically.    But  diminished  function  is  never  more  than  the  re- 
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mote  cause  of  atrophy,  the  immediate,  being  either  deficient 
supply  of  food  or  impaired  vital  energy. 

Diminished  functional  activity  of  a  part  means  that  the 
chemical  processes  going  on  in  its  cells  are  less  active  than 
normal,  and  such  cells  will  require  less  food.  The  means  by 
which  the  needs  of  each  tissue  are  made  known  to  the  blood- 
forming  organs  is  not  understood ;  but  the  supply  is,  as  a  rule, 
speedily  adapted  to  any  variation  in  their  wants.  Consequently, 
working  tissues  will,  soon  after  they  have  ceased  to  perform 
their  functions,  receive  only  sufficient  material  for  those  chemical 
processes  which  do  still  go  on  in  them.  This  is  insufficient  to 
maintain  the  mass  of  protoplasm  required  to  do  the  full  work 
of  the  tissue ;  so  some  of  it  atrophies. 

After  birth,  those  parts  which  are  no  longer  required  in  the 
altered  circulation  gradually  atrophy.  The  umbilical  arteries 
and  vein  become  thrombosed  up  to  their  first  branches,  and 
shrink  to  a  fibrous  cord  as  the  clots  organize.  But  this  does  not 
explain  the  closure  of  the  Ductus  venosus  or  D.  arteriosus,  in 
which  the  conditions  are  not  favorable  to  thrombosis.  Oblitera- 
tion of  these  vessels  can  at  present  be  spoken  of  simply  as  a 
developmental  fact,  comparable  to  closure  of  the  foramen  ovale. 
The  thymus  disappears  in  the  second  year;  the  female  genera- 
tive apparatus  atrophies  at  from  forty-five  to  fifty,  the  male  some- 
what later;  the  spleen  and  whole  lymphatic  system  waste  after 
middle  life.  Probably  in  these  cases  the  vital  energy  of  the 
cells  of  the  parts  concerned  is  exhausted  about  the  times  men- 
tioned, and  diminished  function  is  the  result — not  the  cause. 
They  would  then  be  of  the  same  nature  as  senile  decay. 

Thus,  muscles  rendered  inactive  by  ankylosis  or  chronic  dis- 
ease of  joints,  by  splints,  or  by  paralysis  from  diseases  or  injury 
above  the  anterior  cornual  cells  with  which  they  are  connected, 
atrophy.  When  the  muscles  of  a  part  waste,  all  its  other  tissues 
— nerves,  vessels,  bones,  etc. — suffer  ultimately  from  impaired 
blood-supply.  Thus,  in  part  at  least,  we  may  explain  wasting  of 
the  bone  in  a  stump  or  in  a  limb  long  kept  at  rest;  the  absence 
of  that  intermittent  pressure,  which  it  is  the  function  of  bones 
to  bear,  is  probably  a  secondary  cause.  The  rectum  dwindles 
after  colotomy,  to  a  scarcely  pervious  cord ;  in  addition  to  the 
loss  of  muscular  action,  no  doubt,  passage  of  feces  over  the 
mucous  membrane  acts  as  a  stimulant  to  its  vessels,  and,  as  it  is 
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never  distended,  the  tissues  adapt  themselves  to  the  empty  con- 
-j,.^  dit^on.  Atrophy  of  the  optic  nerve  follows  on  removal  of  the 
ilD        eyfeball. 

'But  when  a  muscle  is  cut  off  from  its  connection  with  its 
bells  in  the  anterior  cornn,  or  when  these  cells  are  destroyed  or 
seriously  injured,  an  atrophy  of  the  muscle,  which  is  much  more 
rapid  than  that  resulting  from  diminished  functional  activity, 
sets  in.  In  the  latter  case,  those  changes  which  nervous  stimuli 
alone  can  physiologically  excite,  probably  go  on  (p.  24);  but  in 
the  former  they  are  completely  arrested.  Examples  of  this 
atrophy  are  afforded  by  the  acute  bulbar  and  spinal  paralysis  of 
adults,  infantile  paralysis,  some  cases  of  progressive  muscular 
atrophy,  neuritis  from  any  cause,  rupture,  contusion,  or  section 
of  a  nerve.  Certain  glands  (salivary,  testis  ?)  waste  on  section 
of  their  nerves.  Nerves  cut  off  from  their  ganglion  cells  also 
degenerate  rapidly,  and  waste.  These  are  spoken  of  as  tropho- 
neuroses (see  p.  23).  In  all  of  these  the  interstitial  connective 
tissue  increases,  and  often  becomes  loaded  with  fat  as  the  higher 
tissue  disappears. 

3.  Excessive  Functional  Activity.  This  may,  quite  exception- 
ally, be  a  cause  of  atrophy — e.g.,  of  testis.  (See  also  "Hyper- 
trophy of  Muscle.") 

Physical  Characters. — The  estimation  of  atrophy  is  often  a 
matter  of  considerable  difficulty.  The  great  criterion  is  diminu- 
tion in  absolute  weight.  The  weight  of  an  organ,  however,  varies 
considerably  in  health ;  it  varies  with  the  weight  of  the  body  as 
a  whole,  and  it  may  be  less  than  natural  from  incomplete  devel- 
opment. The  same  is  true  also  of  the  muscular  and  osseous 
systems.  An  accumulation  of  blood  and  serosity  in  an  organ 
may  again  increase  its  weight,  and  thus  constitute  a  source  of 
fallacy.  This  is  often  the  case  in  organs  which  have  been  for 
some  time  mechanically  congested,  in  which,  although  their 
size  and  weight  may  be  increased,  their  tissue  is  considerably 
diminished  in  amount. 

Organs  which  are  atrophied  are  usually  diminished  not  only 
in  weight,  but  also  in  size.  In  most  cases  they  contain  less 
blood,  they  are  drier,  firmer,  and  more  fibrous  in  consistence 
than  in  health.  Their  functional  powers  are  invariably  dimin- 
ished. The  whole  of  the  textures  of  which  an  organ  is  com- 
posed may  suffer;    some,  however,  usually  do    so    more   than 
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others.  The  fibrous  constituents  are  the  last  to  atrophy;  hence 
the  firmness,  toughness,  and  loss  of  elasticity  so  commonly  met 
with  in  the  atrophied  parts.  In  glandular  organs,  the  secreting 
cells  are  usually  the  first  to  show  signs  of  atrophy;  they  become 
smaller,  and  are  often  finely  granular,  from  the  presence  of 
molecular  fat;  the  vessels  and  nerves  also  share  in  the  wasting 
process.  In  the  subcutaneous  cellular  tissue,  the  fat  is  gradually 
removed  from  the  cells,  which  thus  diminish  in  size.  In  muscles, 
the  primitive  fasciculi  become  smaller,  and  their  transverse  striae 
gradually  disappear;  ultimately  the  whole  of  the  contents  of  the 
sarcolemma  may  be  entirely  removed,  and  nothing  remains  but 
the  connective  tissue.  This  process  is  usually  accompanied  by 
more  or  less  fatty  degeneration  of  the  muscular  fibres,  and  in 
some  cases  by  the  development  of  fat  between  the  fasciculi.  (See 
"Fatty  Infiltration  of  Muscle.") 

Atrophy  of  Bone. 

Atrophy  of  bone  is  always  attended  by  a  diminution  in  weight, 
but  not  always  by  a  diminution  in  size.  It  is  met  with  in  two 
forms.  In  one,  the  compact  and  cancellous  tissues  gradually  be- 
come absorbed,  the  medullary  canal  diminishes  in  size,  and  the 
whole  bone  thus  becomes  smaller.  This  is  known  as  eonceiUric 
atrophy.  It  is  met  with  especially  in  the  long  bones  in  cases  of 
long-standing  ankylosis,  dislocations,  or  paralysis. 

In  the  other  variety  of  atrophy  there  is  no  diminution  in  the 
size  of  the  bone,  but  merely  a  gradual  conversion  of  compact 
into  cancellous  tissue.  The  whole  bone  thus  becomes  rarefied, 
and  it  is  exceedingly  light  and  brittle,  so  that  it  fractures  with 
great  facility.  This,  in  contradistinction  to  the  former  variety, 
is  known  as  eccentric  atrophy.  It  is  usually  met  with  as  a  senile 
change,  and  is  in  most  cases  accompanied  by  more  or  less  fatty 
degeneration. 

Pulmonary  Vesicular  Emphysema. 

This  appears  to  be  the  proper  place  to  describe  the  changes 
met  with  in  the  lungs  in  emphysema,  inasmuch  as  these  changes 
are  characterized  mainly  by  atrophy  of  the  walls  of  the  air- 
vesicles. 
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Emphysema  consists  essentially  in  a  permanent  enlargement 
of  the  infunclibuUi  and  air-vesicles  in  larger  or  smaller  areas  of 
the  lungs.  The  dilatation  appears  usually  to  commence  in  the 
infundibulura,  and  to  extend  from  this  to  the  air-vesicles  which 
open  into  it,  so  that  ultimately  the  whole  may  be  thrown  into 
one  large  cavity.  As  the  process  proceeds,  communications  are 
established  between  adjacent  groups  of  air-vesicles,  and  thus 
cavities  of  still  larger  area  are  produced. 

Atrophous  Emphysema.  —  The  more  minute  histological 
changes  which  accompany  emphysema  vary  somewhat  in  differ- 
ent varieties  of  the  disease.  In  that  form  of  emphysema  which 
occurs  in  old  people,  and  which  is  essentially  a  senile  change, 
the  alterations  in  the  walls  of  the  air-vesicles  consist  simply  of 
atrophy  of  the  several  structures  of  which  they  are  composed : 
hence  the  term  atrophous  or  small-lunged  emphysema,  which  is 
applied  by  Sir  W.  Jenner  to  this  variety  of  the  disease.  The 
air-vesicles  may  not  be  much  increased  in  size,  but  several  of 
them  are  thrown  into  one,  their  walls  are  considerably  thinner 
than  natural,  the  connective  tissue,  elastic  tissue,  and  bloodves- 
sels all  having  apparently  shared  in  the  wasting  process.  There 
is  usually  also  an  abnormal  amount  of  pigmentation.  Such 
lungs  are  smaller  than  natural,  and  quickly  collapse  when  the 
thorax  is  opened. 

Hypertrophous  Emphysema. — In  the  other  important  variety 
of  emphysema  the  lungs  are  increased  in  size,  so  that  they  often 
bulge  forward  when  the  thorax  is  opened,  and  in  contradistinc- 
tion to  the  former  variety,  certain  constituents  of  the  lung-tissue 
appear  to  be  increased  in  amount,  inasmuch  as  the  lungs  are  less 
crepitant,  and  feel  somewhat  denser  and  tougher  than  natural. 
This  is  described  by  Sir  W.  Jenner  as  hypertrophous  or  large- 
lunged  emphysema. 

When  such  lungs  are  examined  microscopically,  it  will  be 
found  that  the  dilatation  of  the  air-vesicles  is  more  marked  than 
in  atrophous  emphysema,  although  less  general  in  its  distribu- 
tion. The  atrophic  changes  also  do  not  affect  equally  the  various 
tissues  which  make  up  the  alveolar  walls.  The  elastic  fibres 
appear  to  be  more  especially  wasted,  w^hilst,  according  to  some 
observers,  the  connective  tissue  is  increased.  I  have  been  unable 
to  discover  any  marked  increase  of  the  connective  tissue  in  the 
alveolar  walls,  although  an  increase  of  this  tissue  is  often  to  be 
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seen  around  the  smaller  interlobular  bloodvessels  and  bronchi. 
The  capillary  bloodvessels  which  are  distributed  on  the  walls  of 
the  air-vesicles  are  atrophied  and  diminished  in  calibre,  owing 
to  the  stretching  and  pressure  'which  result  from  the  vesicular 
dilatation,  whilst  the  larger  interlobular  vessels  are  often  found 
thickened  and  distended  with  blood.  In  some  cases  there  is 
more  or  less  fatty  degeneration  of  the  epithelium,  and  usually 
an  abnormal  pigmentation  of  the  lung. 

Etiology. — It  would  be  beyond  the  scope  of  the  present  work 
to  discuss  the  various  theories  which  have  been  propounded  to 
account  for  the  development  of  emphysema.  It  is,  however, 
obvious  that  all  conditions  which  increase  the  pressure  on  the 
inside  of  the  air-vesicles,  or  damage  the  resisting  powers  of 
their  walls,  may  be  causes  of  permanent  vesicular  dilatation. 

Increased  pressure  on  the  inside  of  the  air-vesicles  may  result 
from — 

1.  Violent  expiratory  efforts  with  closed  glottis,  such  as  occur 
during  the  act  of  coughing,  blowing  wind  instruments,  violent 
muscular  exertion,  etc.  Those  parts  of  the  lungs  which  are 
least  supported  will  be  over-distended.  This  is  the  expiratory 
theory  of  Jenner. 

2.  Certain  portions  of  the  lungs  being  incapable  of  expansion, 
owing  to  collapse,  consolidation,  asthmatic  spasm,  etc.  There 
will  be  excessive  tension  in  those  parts  into  which  the  air  can 
enter. 

Impairment  of  the  resisting  power  of  the  air-vesicles  may 
result  from — 

1.  The  loss  of  elasticity  and  atrophy  which  is  a  concomitant 
of  old  age.  This  is  the  most  important  element  in  the  causation 
of  atrophous  emphysema. 

2.  The  atrophy  of  the  air-vesicles  resulting  from  that  stretch- 
ing of  their  walls  and  obliteration  of  their  bloodvessels  which 
is  caused  by  their  over-distention  from  increased  pressure  ex- 
ercised upon  their  inner  surface. 

3.  Damage  to  the  walls  of  the  air-vesicles  resulting  from 
inherited  weakness,  or  due  to  some  interference  with  their 
nutrition  from  mode  of  life  or  other  causes. 
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Degeneration. 

The  "Degenerations"  include  a  class  ol:"  morbid  processes 
which  are  characterized  by  an  alteration  in  the  quality  of  the 
tissues,  and  which,  like  atrophy,  are  attended  by  impairment  of 
function,  and  often  by  annihilation  of  histological  elements. 

Atrophy  and  degeneration  are  both  steps  toward  death.  In 
atrophy,  however,  as  pointed  out  by  Virchow,  nutrition  is  simply 
altered  in  quantity ;  the  waste  of  the  tissue  is  in  excess  of  the 
assimilation  of  new  material,  and  consequently  there  is  a  dimi- 
nution in  the  amount  of  the  tissue  and  an  impairment  of  its 
functional  powers.  In  degeneration,  on  the  other  hand,  nutri- 
tion is  altered  in  quality — the  metabolism  of  the  cell  is  abnormal; 
an  abnormal  substance  exists  in  the  tissues,  which  is  either  formed 
by  metamorphosis  of  their  protoplasm,  or  is  brought  to  and  de- 
posited in  the  tissue,  and  is  not  consumed.  This  is  attended  by 
impairment  of  the  vitality  and  functions  of  the  elements  of 
which  the  tissue  is  composed,  resulting  either  from  the  presence 
of  the  new  material,  or  dependent  upon  the  same  conditions  as 
those  which  gave  rise  to  its  formation. 

Etiology. — Of  the  causes  of  the  Degenerations  as  a  class  but 
little  can  be  said,  the  various  forms  depending  for  the  most  part 
upon  different  conditions.  These  will  be  considered  under  their 
respective  heads.  Our  knowledge  of  this  class  of  morbid  pro- 
cesses is  necessarily  very  incomplete,  inasmuch  as  so  little  is 
known  of  the  chemical  changes  which  take  place  within  cells. 
(See  p.  2-2.) 

The  Degenerations  may  be  divided  into  two  classes  —  the 
Metamorphoses  and  the  Injiltratioyis. 

1.  The  Metamorphoses.  —  These  are  characterized  by  the 
direct  metamorphosis  of  the  albuminoid  constituents  of  the 
tissues  into  a  new  material.  This  is  usually  followed  by  the 
destruction  of  the  histological  elements  and  the  softening  of  the 
intercellular  substance,  so  that  ultimately  all  trace  of  structure 
may  be  lost,  and  the  function  be  completely  arrested.  The 
Metamorphoses  include  Fatty,  Mucoid,  Colloid,  and  probably 
Lardaceous  Degeneration. 

2.  The  Infiltrations. — These  differ  from  the  Metamorjihoses 
inasmuch  as  the  new  material  which  exists  in  tlie  tissues  is  not 
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derived  from  their  albuminoid  constituents,  but  is  deposited  in 
them  from  the  blood ;  there  is  an  intiltration  and  deposition  of 
a  new  substance.  This  is  rarely  followed  by  destruction  of  the 
histological  elements,  or  by  softening  of  the  intercellular  sub- 
stance;  hence  the  structure  of  the  tissue  is  much  less  altered 
than  in  the  Metamorphoses,  and  function  is  usually  much  less 
interfered  with.  The  Infiltrations  include  Fatty,  Calcareous, 
and  Pigmentary  Infiltration. 


CHAPTER  III. 

FATTY  DEGENERATION. 

Fatty  Degeneration  is  an  abnormal  accumulation  of  fat  in 
the  tissue.  An  accumulation  of  fat  occurs,  however,  under 
very  different  circumstances,  and  under  the  general  term  of 
"  fatty  degeneration "  are  included  different  pathological  pro- 
cesses. Before  proceeding  to  describe  these  processes  and  the 
histological  changes  which  they  produce,  it  will  be  well  to  con- 
sider, in  the  first  place,  the  sources  from  which  the  fat  met  with 
in  the  body  is  derived ;  and,  secondly,  the  circumstances  under 
which  it  may  accumulate  so  as  to  constitute  a  morbid  process. 

General  Pathology  of  Fatty  Degeneration.  —  The  chief 
source  of  the  fat  met  with  in  the  body  is  the  oleaginous  con- 
stituents of  the  food.  A  portion  of  these  are  stored  up  in  the 
cells  of  certain  tissues,  to  be  utilized  as  producers  of  force  and 
heat  when  the  requirements  of  the  system  may  demand  it.  The 
cells  of  adipose  tissue,  those  of  the  medulla  of  bone,  and,  to  a 
less  extent,  those  of  the  liver,  thus  serve  as  physiological  reser- 
voirs for  fat. 

The  other  sources  from  which  fat  may  be  derived  are  from 
saccharine  and  albuminous  principles.  The  albuminous  prin- 
ciples in  the  process  of  nutrition  undergo  decomposition,  and 
the  products  of  their  decomposition  contain  a  certain  amount  of 
fat.  This  is  usually  completely  removed  by  oxidation,  but  under 
certain  circumstances  the  oxidation  is  incomplete,  and  the  fat 
accumulates  in  the  cells  of  the  tissue. 
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In  considering  the  circumstances  under  which  an  accumula- 
tion of  fat  in  the  tissues  may  constitute  a  morbid  process,  it  is 
to  be  remarked  that  it  often  becomes  exceedingly  difficult  here 
to  draw  any  sharp  line  of  demarcation  between  health  and  dis- 
ease. This  is  especially  the  case  when  the  accumulation  of  fat 
is  excessive  in  situations  where  fat  is  normally  met  with.  When 
it  occurs  in  abnormal  situations,  the  morbid  nature  of  the  pro- 
cess is  evident. 

An  accumulation  of  fat  in  the  tissues  may  occur  so  as  to  con- 
stitute a  morbid  process  under  the  four  following  conditions : 

1st.  When  the  food  contains  an  excess  of  fat,  or  of  substances 
capable  of  becoming  converted  into  fat.  Under  such  circum- 
stances, the  oxygen  taken  into  the  body  is  insufficient  to  oxidize 
the  excess,  and  it  consequently  accumulates  in  the  cells. 

An  accumulation  of  fat  from  this  cause  occurs  as  a  physio- 
logical process  in  the  growth  of  adipose  tissue.  Adipose  tissue 
is  a  connective  tissue  containing  numerous  cells  which  are  dis- 
tended with  fat.  The  growth  of  this  tissue  thus  consists  simply 
in  the  fatty  infiltration  of  more  of  these  cells.     (Fig.  5.)     If 


Fig.  5. 


Fatty  infiltration  of  connective  tissue.     Showing  the  accumulation  of  fat  within  the  cells 
X  300.     (Rindfleisch.) 


this  be  excessive,  it  constitutes  obesity.  The  temporary  accu- 
mulation of  fat  in  the  liver  during  the  digestion  of  an  aliment 
rich  in  fatty  substances  is  another  example  of  this  kind  of  depo- 
sition. This  will  be  described  when  speaking  of  the  "  fatty 
liver."  If  the  amount  of  fat  be  very  great  it  may  accumulate, 
not  only  in  normal   situations,  but  also  in  tissues  where  fat  is 
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not  usually  met  with,  and  in  both  cases  the  accumulation  will 
thus  constitute  a  morbid  process. 

2d.  When  there  is  no  such  excess  of  fatty  substances  in  the 
food,  but  the  processes  of  oxidation  are  so  imperfectly  per- 
formed, either  locally  or  generally,  that  the  fat  contained  in  a 
natural  diet  is  incompletely  oxidized. 

3d.  When  the  fat  which  is  liberated  from  the  nitrogenous 
constituents  of  the  food  during  the  process  of  nutrition  does 
not  undergo  the  complete  oxidation  which  it  should,  and  so 
remains  within  the  cells. 

4th.  When  the  fat  which  is  liberated  from  the  protoplasm  of 
cells  during  the  progress  of  nutrition  is  incompletely  oxidized, 
and  80  accumulates  in,  and  takes  the  place  of,  the  protoplasm. 
Here  there  is  a  gradual  replacement  of  the  protoplasm  by 
molecular  fat,  so  that  the  cell  ultimately  may  be  completely 
destroyed. 

Fatty  degeneration  in  which  there  is  this  destruction  of  histo- 
logical elements  is  one  of  the  most  common  forms  of  the  disease, 
and  it  will  hereafter  be  more  fully  described  as  fatty  metamor- 
phosis. Its  nature  was  iirst  pointed  out  by  Dr.  Quain  in  his 
well-known  researches  on  fatty  degeneration  of  the  heart.^  Dr. 
Quain  then  stated  that  the  fat  met  with  in  the  muscular  fibres 
in  this  condition  was  the  result  of  a  metamorphosis  of  the  fibres 
themselves,  and  was  not  derived  from  without.  The  truth  of 
Dr.  Quain's  teaching  has  since  been  confirmed  by  the  experi- 
mental investigations  of  Drs.  Yoit  and  Bauer. 

Yoit  and  Bauer's  investigations  were  made  with  the  object  of 
determining  the  source  of  the  fat  in  that  acute  form  of  fatty 
degeneration  which  is  produced  by  poisoning  with  phosphorus, 
in  which  the  degeneration  is  due  mainly  to  a  diminution  in  the 
oxidizing  power  of  the  blood,  caused  probably  by  the  destruc- 
tion of  the  red  blood-cells.^  They  gave  phosphorus  to  dogs 
which  had  for  some  days  previously  been  starved,  so  that  any 
fat  which  might  be  present  in  the  tissues  after  death  could  not 
have  been  derived  either  from  the  food  or  from  the  adipose 
tissue  of  the  animals.  The  phosphorus  produced  very  extensive 
and  general  fatty  degeneration,  and  the  fat  must  obviously  have 

1  Medico-Chiriirgical  Trans.,  Lond.,  1850,  vol.  xxxiii. 

^  Voit  and  Bauer,  Zeitschrift  fiir  Biologie,  vii.  pp.  63-85;  and  Voit,  Neus 
Repertorium  fiir  Pharmacie,  xx.  pp.  340-349. 
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arisen  from  the  protoplasm  of  the  cells.  Voit  concludes  from 
these  investigations — 1st.  That  the  transformation  of  albumen 
which  takes  place  in  cells  is  independent  of  the  supply  of 
oxygen,  but  that  if  the  oxygen  be  deficient,  the  fat  and  other 
products  of  the  transformation,  being  incompletely  oxidized, 
accumulate  in  the  cell.  2d.  That  the  presence  of  fat  in  the  cells 
may  thus  be  due  to  increased  transformation  of  the  albumen,  or 
to  diminished  oxidation  of  the  products  of  its  decomposition. 
3d.  That  the  fatty  degeneration  in  poisoning  by  phosphorus  is 
due  both  to  an  increased  transformation  of  the  albumen  of  the 
cells,  and  to  diminished  oxidation  of  the  fat  and  other  products 
of  the  transformation. 

It  will  thus  be  seen  that  of  the  four  conditions  enumerated  as 
causes  of  fatty  degeneration,  in  all,  with  the  exception  of  the 
first,  the  accumulation  of  the  fat  is  principally  due  to  incomplete 
oxidation,  whilst  in  the  first  there  is  no  imperfection  in  the 
oxidizing  processes,  but  the  oxidizable  materials  are  in  excess. 
These  two  conditions  are  frequently  associated. 

Incompleteness  of  oxidation,  and  a  consequent  tendency  to 
the  production  of  fat,  occurs  under  various  circumstances.  The 
red  blood-cells  being  the  carriers  of  oxygen,  all  those  conditions 
in  which  the  supply  of  blood  is  interfered  with,  the  red  blood- 
cells  diminished  in  number  or  defective  in  quality,  or  the  oxy- 
genation of  the  blood  imperfectly  performed,  may  lead  to  fatty 
degeneration. 

Interference  with  the  supply  of  blood  to  a  part,  and  conse- 
quent fatty  degeneration  from  imperfect  oxidation,  may  result 
from  narrowing  of  the  nutrient  bloodvessels.  This  is  seen  in 
the  heart  as  the  result  of  atheromatous  changes  in  the  coronary 
arteries,  and  in  organs  in  which  the  lumen  of  the  vessels  is 
diminished  by  lardaceous  or  syphilitic  changes.  The  interfer- 
ence with  the  supply  of  blood  caused  by  inflammation  and  me- 
chanical congestion  in  the  same  way  leads  to  fatty  degenera- 
tion. Organs  and  tissues  which  have  been  long  disused,  and  in 
which,  consequently,  the  quantity  of  blood  circulating  through 
them  and  the  oxidation  processes  become  diminished,  undergo 
fatty  changes  (see  "Fatty  Infiltration  of  Muscle");  as  do  also 
the  cancers  and  other  rapidly  growing  tumors  in  which  the 
rapidity  of  growth  is  out  of  proportion  to  the  vascular  supply. 
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An  alteration  in  the  blood  as  a  whole,  and  a  consequent 
general  tendency  to  fatty  changes,  is  seen  in  chlorosis  and  in 
those  conditions  of  ansemia  which  are  sometimes  produced  by 
chronic  and  acute  diseases;  also  in  the  fatty  degeneration  which 
results  from  poisoning  by  phosphorus.  The  long- continued 
abuse  of  alcohol,  and  the  influence  of  a  high  temperature,  by 
diminishing  the  absorption  of  oxygen  by  the  tissues,  tend  to 
produce  fatty  changes.  The  senile  forms  of  fatty  degeneration, 
which  affect  especially  the  cornea  and  cartilage,  are  due  to  that 
diminution  in  the  activity  of  the  circulation  which  exists  in 
old  age.  Lastly,  the  imperfect  oxygenation  of  the  blood  which 
results  from  chronic  diseases  of  the  lungs,  constitutes  an  im- 
portant element  in  the  causation  of  the  fatty  degeneration  which 
so  frequently  exists  in  these  diseases. 

In  proceeding  to  consider  the  histological  changes  which  are 
produced  in  the  tissues  by  an  accumulation  of  fat,  it  is  in  the 
first  place  to  be  remarked  that  in  those  cases  in  which  the  fat  is 
derived  from  the  food,  it  is,  for  the  most  part,  deposited  in  those 
situations  in  which  fat  is  normally  met  with ;  whereas,  when  it 
originates  in  the  tissues,  it  may  occur  in  the  cells  of  any  part. 
The  changes  produced  in  the  tissues  must  obviously  vary  in  the 
two  cases.  Where  the  fat  is  derived  from  the  metamorphosis  of 
the  nitrogenous  constituents  of  cells,  the  process  is  accompanied 
by  more  or  less  destruction  of  the  cell,  and  by  a  corresponding 
impairment  of  its  functional  powers — the  tissues  are  destroyed 
in  the  process;  whilst  in  the  other  cases  no  such  destruction 
usually  takes  place.  Although  these  two  conditions  may  occa- 
sionally be  associated,  yet,  owing  to  the  marked  difference  in 
the  results  which  they  respectively  produce,  it  will  be  well  to 
speak  of  them  separately :  that  in  which  the  fat  is  derived  from 
the  metamorphosis  of  the  tissues  being  termed  Fatty  Metamor- 
phosis; that  in  which  it  is  derived  from  the  oleaginous,  sac- 
charine, or  nitrogenous  principles  of  the  food.  Fatty  Infiltration. 


Fatty  Infiltration. 

In  Fatty  Infiltration,  the  fat  which  is  deposited  within  the  cells 
usually  occurs  as  distinct  drops  of  oil.  In  the  earliest  stages  of 
the  process  these  are  very  small,  but  as  the  deposition  proceeds 


60 


FATTY    DEGENERATION, 


they  gradually  accumulate  and  run  together,  displacing  and 
obscuring  the  nucleus  and  protoplasm,  until 
the  cell  is  completely  tilled  and  distended 
with  oil.  (Fig.  6.)  The  vitality  and  functions 
of  the  cells  are  but  little  impaired  by  the  ac- 
cumulation, and  the  protoplasm  —  although 
rendered  almost  invisible  when  this  is  exces- 
sive— remains  unaltered.  The  cells  within 
which  the  fat  accumulates  not  being  destroyed, 
the  removal  of  the  fat  is  all  that  is  necessary 
to  restore  them  to  their  original  condition. 
As  already  stated,  fatty  infiltration  occurs  as 
a  physiological  process  in  the  growth  of  adi- 
pose tissue,  and  also  in  the  liver  during  the 

digestion  of  an  aliment  rich  in  fatty  substances. 


Liver  cells 
ous  stages  of  fatly 
infiltration.  X  300. 
(Rindfleisch.) 


Fatty  Infiltration  of  Muscle. 

In  muscle,  fatty  infiltration  is  frequently  met  with  as  a  morbid 
process.  The  cells  in  the  connective  tissue  which  surrounds  the 
fasciculi  of  the  muscle  become  filled  with  fat ;  and  this  develop- 
ment of  fat  betw^een  the  primitive  muscular  fasciculi  has  often 
been  confounded  with  degeneration  of  the  fibres  themselves.  In 
this  latter  process,  however,  which  will  subsequently  be  described 
as  fatty  metamovphosis  of  muscle,  there  is  a  direct  metamorphosis 
of  the  muscular  fibres  into  fat ;  whereas,  in  the  condition  now 
under  consideration,  there  is  a  deposition  of  fat  between  the 
fasciculi,  which  remain — during  the  early  stages,  at  all  events — 
unaffected.  The  interstitial  fat  varies  in  amount.  In  some 
cases  single  rows  of  fat  cells  alternate  with  rows  of  muscular 
fasciculi;  at  other  times  the  accumulation  is  less  regular,  more 
existing  between  some  fibres  than  between  others :  in  all  cases, 
however,  the  muscular  elements  may  be  discovered  lying  amongst 
the  fat.  (Fig.  7.)  If  the  latter  be  very  considerable  in  amount, 
the  muscle  may  appear  to  the  naked  eye  to  be  entirely  converted 
into  fat;  but  the  microscope  will  always  reveal  the  muscular 
structure  in  which  it  is  embedded. 

This  condition  is  frequently  met  wnth  in  animals  which  have 
been  fattened,  the  fat  increasing  not  only  in  the  usual  situations, 
but  also  accumulating  between  the  fasciculi  of  the  muscles.     In 
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muscles,  also,  which  from  any  cause  have  for  some  time  been 
incapacitated,  and  in  which  consequently  the  circulation  of  blood 
and  the  oxidation  processes  are  reduced  to  a  minimum,  this 
interstitial  growth  is  extremely  liable  to  occur — ex.g7\,'m  the 
extensors  of  the  wrist-joint  in  cases  of  lead-poisoning,  and  in 
long-standing  paralysis  from  lesions  of  the  brain  or  cord,  also  in 
muscles  which  have  been  rendered  useless  by  ankylosis  of  a 
joint.  In  progressive  muscular  atrophy,  as  Virchow  has  shown, 
the  affected  muscles  exhibit  this  change,  together  with  true  fatty 
metamorphosis. 

Fatty  Infiltration  of  the  Heart. — In  the  heart  fatty  infiltra- 
tion is  not  unfrequently  met  with ;  and  here  it  is  especially  im- 
portant to  distinguish  it  from  the  much  more  grave  condition  in 
which  the  fibres  themselves  are  primarily  affected.     In  health, 

Fig.  7. 


Fatty  infiltration  of  heait  A  section  from  the  moie  external  portion  of  the  left  ven- 
tricle of  the  heart,  showing  the  growth  of  fat  hetiveen  the  muscular  fibres.  The  fibres  are 
in  some  places  atrophied  and  commencing  to  undergo  fatty  metamorphosis.     X  200. 


there  is  a  varying  amount  of  fat  covering  the  surface  of  the  heart 
beneath  the  visceral  layer  of  the  pericardium,  which  is  always 
most  abundant  in  the  grooves  hetween  the  auricles  and  ven- 
tricles, where  it  surrounds  the  bloodvessels.     This  may  increase 
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SO  as  completely  to  envelop  the  organ,  and  at  the  same  time 
gradually  insinuate  itself  between  the  muscular  libres,  so  that 
to  the  naked  eye  all  appearance  of  muscular  structure  may  be 
lost,  the  walls  looking  like  a  mass  of  fat.  In  hearts  less  affected, 
stripe  of  fat  wall  be  seen  lying  amongst  the  muscle.  (See  Fig.  7.) 
The  fat  is  always  most  abundant  near  the  surface,  the  muscular 
structure  becoming  more  evident  toward  the  endocardium. 

The  immediate  effect  of  the  interstitial  growth  is  to  displace 
and  compress  the  muscular  fibres  between  which  it  insinuates 
itself,  and  in  doing  so  it  diminishes  the  contractile  power  of  the 
muscle.  This  is  especially  important  when  occurring  in  the 
heart.  The  pressure,  however,  which  it  exercises  upon  the  fibres 
and  the  accompanying  bloodvessels,  ultimately  causes  atrophic 
and  degenerative  changes.  Thus  the  fasciculi  gradually  atrophy, 
the  transverse  striation  becomes  indistinct  and  is  replaced  by 
molecular  fat;  in  tine,  true  metamorphosis  of  the  muscle  is 
established.  These  two  processes,  indeed,  not  uncommonly  go 
hand  in  hand  together,  the  interstitial  infiltration  preceding  the 
intrastitial  metamorphosis. 

Fatty  Infiltration  of  the  Liver. 

In  the  liver  fatty  infiltration  is  exceedingly  frequent,  consti- 
tuting what  is  commonly  known  as  the  '.'  fatty  liver."  The 
hepatic  cells  always  contain  a  small  quantity  of  fat,  which  is 
temporarily  increased  after  the  ingestion  of  fatty  substances. 
It  will  be  well  to  describe  this  physiological  infiltration  before 
proceeding  to  the  morbid  process. 

The  ingestion  of  an  aliment  rich  in  fatty  substances  is  followed 
by  a  temporary  excess  of  fat  in  the  portal  blood,  and  by  the 
deposition  and  temporary  accumulation  of  a  portion  of  this 
within  the  hepatic  cells.  This  fat  is  first  deposited  in  the  cells 
which  are  in  immediate  contact  with  the  capillaries  of  the  portal 
vein,  and  thus  is  produced  an  excess  of  fat  in  the  cells  at  the 
circumference  of  the  hepatic  lobules.  This  gradually  passes 
from  the  cells  at  the  circumference  to  those  in  the  interior, 
whence  it  is  ultimately  conveyed  again  into  the  circulation. 
This  process  goes  on  until  the  excess  of  fat  is  removed  from  the 
blood,  W' hen  the  hepatic  cells  again  acquire  their  former  character. 
There  is  thus  a  transitory  accumulation  of  fat  witiiin  the  hepatic 
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cells  which  is  gradually  removed,  the  vitality  of  the  cells  not 
being  thereby  impaired. 

The  morbidly  fatty  liver  is  one  which  contains  an  abnormal 
quantity  of  iat,  and  here  also,  as  the  fat  is  usually  deposited 
from  the  blood  in  the  portal  capillaries,  the  increase  is  first 
observable  in  the  external  zone  of  the  hepatic  lobules.    (Fig.  8.) 

Fig.  8. 
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Fatly  liver.  Showing  the  accumulation  of  fat  in  those  cells  more  especially  which  are 
situated  in  the  external  zone  of  the  lobule.  There  is  also  some  increase  in  the  interlobular 
connective  tissue  (cirrhosis).     V.  Hepatic  vein.     L  Interlobular  connective  tissue.   X  50. 

It  accumulates  here  within  the  cells  as  minute  globules,  which 
as  they  increase  coalesce  and  form  large  drops  of  fat.  These 
ultimately  completely  fill  and  distend  the  cells,  which  at  the  same 
time  become  larger  and  more  globular  in  shape.  (See  Fig.  6.) 
As  the  process  proceeds,  the  accumulation  advances  from  the 
periphery  toward  the  centre  of  the  lobule,  until  its  whole  mass 
may  be  involved,  and  the  cells  universally  become  distended 
with  fat.  The  vitality  of  the  cells  is  not  materially  impaired  by 
the  infiltration;  they  continue  to  perform  their  functions,  as  is 
shown  by  the  presence  of  bile  in  the  stools  and  in  the  gall-bladder. 
In  some  exceptional  cases  the  accumulation  of  fat  is  most  marked 
around  the  hepatic  vein.    This,  according  to  Virchow,  is  probably 
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to  be  explained  by  supposing  that  the  fat  is  becoming  excreted, 
and  that  only  the  last  cells  retain  a  little  of  it. 

The  fatty  liver  is  somewhat  increased  in  size,  in  advanced 
stages  often  considerably  so.  The  surface  is  smooth,  the  edges 
are  thickened  and  rounded,  the  specific  gravity  is  diminished, 
although  the  absolute  weight  may  be  increased,  if  the  infiltration 
be  slight,  involving  merely  the  portal  zone  of  the  lobules,  the 
cut  surface  will  present  a  mottled  appearance,  the  external  fatty 
zone  being  of  an  opaque  yellov/ish-white  color,  whilst  the  central 
portion  remains  unaltered,  or  is  perhaps  somewhat  hypersemic. 
The  more  extensive  the  infiltration  the  larger  is  the  pale  zone, 
and  ultimately,  when  the  whole  lobule  is  involved,  there  may  be 
left  in  the  centre  merely  a  reddish-brown  point,  which  corre- 
sponds with  the  commencement  of  the  hepatic  vein;  and  in 
many  cases  even  this  point  is  lost.  The  organ  is  then  of  an 
almost  uniform  opaque  yellowdsh-white  color,  and  the  boundary 
between  the  individual  lobules  may  be  completely  obscured.  In 
exceptional  cases  the  accumulation  of  fat  is  much  more  abundant 
in  some  portions  of  the  liver  than  in  others,  so  that  on  section 
yellowish  points  and  streaks  are  seen  scattered  over  its  surface. 
The  consistence  of  the  organ  is  much  diminished-,  it  feels 
doughy,  and  pits  on  pressure  with  the  finger,  and  the  knife  used 
to  cut  it  becomes  coated  with  oil.  The  pressure  exercised  by 
the  infiltrated  fat  produces  considerable  ansemia  of  the  organ, 
but  the  interference  with  the  circulation  is  never  suflicient 
to  cause  ascites,  hemorrhage,  or  other  evidences  of  portal  con- 
gestion. 

The  liver  is  especially  liable  to  become  the  seat  of  fatt}'  accu- 
mulation. This,  as  shown  by  the  late  Dr.  Bence  Jones,  is  owing 
— first,  to  the  excess  of  non-nitrogenous  oxidizable  matter  in  the 
portal  blood ;  secondly,  to  the  deoxidized  condition  of  the  portal 
blood ;  and,  thirdly,  to  the  low  pressure  and  slowness  of  circula- 
tion in  the  portal  vessels — conditions  the  least  favorable  to 
oxidation.^ 

An  accumulation  of  fat  in  the  liver  occurs  under  two  opposite 
conditions — one  in  which  there  is  general  obesity,  and  the  fat 
accumulates  in  the  liver  in  common  with  other  parts;  and 
another,  in  which  there  is  general  emaciation,  and  a  consequent 

'  Dr.  Bence  Jones,  Lectures  on  ralliology  and  Therapeutics,  p.  179. 
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impairment  of  the  oxygenating  power  of  the  blood.  The  fatty 
intiltration  of  the  liver  which  is  so  constantly  associated  with 
certain  chronic  diseases  of  the  lungs,  is  also  partly  due  to  im- 
perfect oxygenation  of  the  blood  from  destruction  of  lung-tissue. 
Fatty  liver  caused  by  phosphorus  and  other  poisons  has  been 
already  alluded  to. 

The  other  variety  of  fatty  degeneration — fatty  metamorphosis 
— will  be  described  in  the  following  chapter. 


CHAPTEE    IV. 

FATTY    DEGENERATION    {continued). 

Fatty  Metamorphosis. 

This  differs  from  fatty  infiltration,  inasmuch  as  the  fat  is 
'derived  from  the  albuminous  constituents  of  the  tissues  them- 
selves, and  not  from  the  fatty,  saccharine,  or  nitrogenous  prin- 
ciples of  the  food. 

The  process  consists  in  the  gradual  replacement  of  the  proto- 
plasm of  cells  by  molecular  fat,  in  the  manner  described  in  the 
preceding  chapter.  The  fat  makes  its  appearance  as  minute 
granules  and  molecules,  usually  first  in  the  protoplasm,  and 
subsequently  in  the  nucleus.  The  granules — v^^hich  are  charac- 
terized by  their  dark  color,  sharp  contour,  strong  refractive 
power,  and  solubility  in  ether — gradually  increase  in  number, 
and  ultimately  the  whole  of  the  protoplasm  may  be  transformed. 
As  they  increase,  some  of  them  may  coalesce  and  so  form  dis- 
tinct drops  of  fat.  As  the  process  proceeds,  the  cells  undergo 
an  increase  in  size  and  become  more  globular  in  shape,  the 
nucleus  becomes  involved,  the  cell-wall,  when  this  exists,  is 
destroyed,  and  the  cell  may  thus  be  converted  into  a  mass  of 
granular  fat.     (Fig.  9.) 

These  granules  of  fat  sometimes  remain  for  some  time  in  a 
coherent  form,  and  they  then  constitute  what  were  formerly 
known  as  the  "  inflammatory  "  or  "  exudation  corpuscles,"  or 
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"corpuscles  of  Gluge,"  which  are  so  common  in  chronic  cere- 
bral softening,  and  in  some  other  forms  of  fatty  degeneration. 
(Fig.  9,  b.)  Ultimately,  the  albuminous  matter  between  the 
granules  of  fat  liquefies,  the  corpuscles  break  up,  and  the  fat 
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Fatty  metamorphosis  of  cells,  a.  From  a  cancer,  b.  From  the  brain  in  ciironie  soft- 
ening. The  latter  show  the  large  "  granular  corpuscles,"  and  also  the  manner  in  which 
these  become  disintegrated.     X  200. 

becomes  distributed  in  the  tissue.  (Fig.  9,  h.)  These  granular 
corpuscles  will  be  more  fully  considered  when  speaking  of  cere- 
bral softening. 

Types  of  this  pathological  process  are  furnished  by  many 
well-known  physiological  ones,  one  of  the  most  characteristic  of 
which  is  perhaps  the  secretion  of  milk.  The  secretion  of  milk 
takes  place  in  the  following  manner :  The  mammary  gland  be- 
comes exceedingly  vascular,  white  blood-corpuscles  escape  from 
the  vessels,  the  epithelium  multiplies,  and  a  large  number  of 
young  cells  thus  make  their  appearance  in  the  ducts  of  the 
gland.  These  cells  as  they  are  produced  become  converted  into 
fat,  the  cells  break  up,  and  the  fatty  matters  in  a  more  or  less 
coherent  form  constitute  the  milk  corpuscles.  In  the  earliest 
stages  of  the  process,  the  granules  of  fat  cohere  and  form  the 
colostrum  corpuscles,  which  are  precisely  analogous  to  the  large 
granular  corpuscles  met  with  in  chronic  cerebral  softening,  etc. 
(Fig.  9,  b);  but  as  the  secretion  becomes  fully  established,  and 
the  disintegration  of  the  cells  takes  place  more  rapidly,  the 
fatty  molecules  become  at  once  distributed  in  the  liquid  in 
which  they  are  suspended,  giving  to  the  secretion  its  character- 
istic white  color.  The  milk  corpuscles  thus  formed  are  replaced 
continuously  by  new  cells,  which  in  their  turn  undergo  fatty 
metamorphosis,  and  in  this  manner  a  continuous  formation  and 
destruction  of  cells  take  place.  Other  examples  of  fatty  meta- 
morphosis are  aflforded  by  the  formation  of  the  sebaceous  matter 
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of  the  skill,  the  cerumen  of  the  ears,  and  the  corpus  luteum  in 
the  ovar}';  all  of  which  take  place  in  the  same  way  by  the  fatty 
metamorphosis  and  destruction  of  newly  formed  cells. 

The  immediate  effect  of  fatty  metamorphosis. is  to  produce 
more  or  less  softening  of  the  affected  part,  and  necessarily  to 
impair  or  annihilate  function.  If  large  tracts  of  tissue  are 
affected,  the  change  is  readily  recognizable  by  the  diminution 
in  consistence  and  elasticity  which  is  produced,  and  in  many 
cases  also  by  the  opaque,  yellowish-white  color.  If,  however, 
the  change  is  limited  to  minute  portions  of  the  tissue,  its  exist- 
ence can  only  be  discovered  with  the  aid  of  a  microscope. 

The  fatty  particles  into  which  the  cells  have  been  transformed 
are,  under  favorable  circumstances,  readily  absorbed.  The  fat 
may  thus  be  removed  and  the  degenerative  process  cease  before 
the  part  has  been  dangerously  involved.  Such  recovery  prob- 
ably often  occurs;  for  example,  in  the  kidneys  and  heart.  When 
the  elements  are  completely  degenerated,  the  fatty  debris  is  also 
usually  removed  by  absorption.  This  is  seen  in  the  fatty  de- 
generation and  absorption  of  inflammatory  products,  such  as 
occurs  in  croupous  pneumonia.  In  order  for  such  absorption 
to  take  place,  it  is  necessary  that  the  tissue  should  be  freely  sup- 
plied with  bloodvessels.  If  this  is  not  the  case,  the  degenerated 
products  are  liable  to  undergo  certain  changes  whereby  they 
become  converted  into  a  pultaceous,  crumbling  material  some- 
what resembling  cheese:  this  is  known  as  caseation. 

Caseation. — This  is  a  modification  of  the  degenerative  process 
in  which  the  fatty  products  gradually  dry  up  into  a  yellowish 
friable  material,  which  has  been  compared  to  soft  cheese.  This 
change  appears  to  be  owing  to  a  natural  dryness  of  the  degener- 
ated tissue,  resulting  from  deficient  vascular  supply.  It  is  most 
frequent  in  parts  which  contain  but  few  vessels,  or  in  those  in 
which  these  become  obliterated  by  inflammatory  products  or  by 
some  new  growth.  Growths  composed  of  closely  crowded  cells 
— as  epithelial  accumulations  within  the  pulmonary  alveoli, 
growths  in  the  lymphatic  glands,  in  the  brain,  and  in  osseous 
structures — are  the  most  liable  to  become  caseous. 

The  process  consists  in  the  gradual  drying  up  of  the  degen- 
erated elements;  the  fluids  are  absorbed,  the  cells — which  are 
many  of  them  incompletely  degenerated — shrivel  and  atrophy, 
the  fat  undergoes  partial  saponification,  cholesterine  forms,  and 
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the  tissue  thus  becomes  converted  into  a  soft,  yellowish-white, 
cheesy  substance,  composed  of  atrophied  cells,  fatty  debris,  and 
cholesterine  crystals.  This  material  may  gradually  dry  up  more 
and  more,  and  ultimately  become  encapsuled  by  a  layer  of 
iibrous  tissue. 

These  cheesy  matters  are  constantly  met  with,  especially  in 
the  lungs,  and  considerable  confusion  has  arisen  as  to  their 
nature  and  origin  in  this  situation.  This  has  proceeded  from  its 
having  been  formerly  the  custom  to  look  upon  all  cheesy  masses 
as  essentially  tubercular.  Tubercle,  it  is  true,  often  undergoes, 
to  a  greater  or  less  extent,  fatty  degeneration,  and  it  may  thus, 
like  all  other  growths  which  have  undergone  this  process,  be- 
come converted  into  a  yellow  cheesy  substance;  but  it  is  by  no 
means  true  that  all  cheesy  masses  are  tubercular.  The  patho- 
logical significance  of  caseation  is  thus  less  limited  than  was 
formerly  supposed,  and  although  this  change  is  undoubtedly 
most  common  in  tuberculous  and  scrofulous  lesions,  its  occur- 
rence merely  indicates  that  the  elements  have  undergone  fatty 
metamorphosis,  and  under  no  circumstance  is  it  in  itself  evidence 
of  any  one  particular  form  of  morbid  growth.  (See  "  Scrofulous 
Inflammation.") 

The  caseous  mass  may  subsequently  become  calcified,  or  un- 
dergo a  process  of  softening  and  liquefaction. 

Calcification. — This  is  an  advanced  stage  of  the  preceding 
process.  It  most  frequently  occurs  in  those  cases  in  which  the 
caseous  mass  is  completely  enclosed  and  isolated  from  the  ex- 
ternal air,  as  when  in  the  lymphatic  glands,  in  bone,  or  when 
encapsuled  in  the  lungs.  The  mass  becomes  infiltrated  with 
calcareous  particles,  and  is  thus  converted  into  a  calcareous 
concretion.     (See  "  Calcareous  Degeneration.") 

Softening. — This  process  consists  in  a  liquefaction  of  the 
caseous  substance,  which  is  probably  owing  to  some  chemical 
change  in  its  constituents.  It  most  commonly  occurs  in  parts 
which  come  into  contact  with  the  external  air,  especially  in  those 
situated  in  the  lungs.  The  caseous  mass  liquefies,  and  is  con- 
verted into  a  thin  puriform  liquid,  containing  curd-like,  cheesy 
matter,  which  to  the  naked  eye  looks  much  like  pus,  but  under 
the  microscope  is  seen  to  consist  simply  of  granular  debris,  fat, 
and  cholesterine  crystals.  This,  if  not  discharged,  may,  like 
the  caseous  masses,  ultimately  dry  up  and  become  calcified. 
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Fatty  Degeneration  of  Arteries. 

Fatty  degeneration  of  arteries  may  be  a  primary  or  secondary 
aft'ection.  As  a  secondary  i)rocess  it  is  met  with  in  atheroma 
and  other  inflammatory  conditions  of  the  vessels,  in  which  the 
fatty  change  is  preceded  by  a  cellular  infiltration  of  the  sub- 
endothelial  connective  tissue.     (See  "Atheroma.") 

Primary  fatty  degeneration  is  a  passive  process,  not  being 
preceded  by  any  increased  nutritive  activity  of  the  parts  affected 
by  it.  It  may  affect  the  internal,  middle,  and  external  coats 
of  the  artery,  but  it  is  most  common  in  the  first-named  situa- 
tion. The  change  usually  commences  in  the  endothelium  and 
the  connective-tissue  cells  in  the  most  internal  layers  of  the 
inner  coat,  small  groups  of  cells  becoming  affected  in  various 
parts  of  the  vessel ;  and  it  may  gradually  extend  from  within 
outward,  the  intercellular  substance  softening,  until,  in  excep- 
tional cases,  the  whole  thickness  of  the  intima  is  destroyed. 
(Fig.  10.) 

Fig  10 
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Fatty  degeneration  of  the  internal  coat  of  the  aorta.  Small  yellowish-white  patches 
scattered  over  the  lining  membrane  of  the  vessel.  A  very  thin  layer  peeled  oflf  and  X  200, 
showing  the  groups  of  fat  molecules,  and  the  distribution  of  fat  in  the  intima. 

In  the  earlier  stages  of  the  process  the  condition  is  recognized 
by  the  existence  of  small,  irregular-shaped  patches  of  an  opaque, 
yellowish-white  color,  projecting  very  slightly  above  the  surface  of 
the  intima.  These,  which  are  so  constantly  met  with  on  the  lining 
membrane  of  the  aorta,  may  at  first  be  mistaken  for  atheroma. 
They  are  in  most  cases,  however,  readily  distinguishable  by  their 
superficiality,  and  by  the  facility  with  which  they  can  be  stripped 
off"  from  the  subjacent  layers,  which  present  a  natural  appear- 
ance. In  atheroma,  on  the  other  hand — which  affects  the  deeper 
structures — if  the  superficial  layer  be  removed,  the  opacity  and 
thickening  are  seen  to  exist  beneath  it.      In  many  cases  the 
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change  is  limited  entirely  to  the  innermost  layers  of  the  vessel; 
the  more  the  subjacent  tissues  are  involved,  the  greater  is  the 
irregularity  in  the  shape  of  the  patches,  and  the  less  readily  can 
they  be  separated  with  the  forceps.  The  opaque  patches  occa- 
sionally break  down,  the  cells  are  destroyed,  the  intercellular 
substance  softens,  and  the  granular  debris  is  carried  away  by  the 
circulation,  leaving  small,  irregular,  superficial  erosions  upon  the 
lining  membrane  of  the  vessel.  These  erosions  are  not  ulcers  in 
the  true  sense  of  that  term,  not  being  the  result  of  an  active 
process.  They  resemble  the  superficial  erosions  so  common 
upon  the  mucous  membrane  of  the  stomach,  as  described  by 
Dr.  Wilson  Fox. 

Simple  fatty  degeneration  may  occur  in  any  of  the  arteries, 
but  it  is  in  the  smaller  ones  that  its  injurious  influence  is  most 
marked,  and  in  these  it  is  more  especially  liable  to  affect  the 
external  coat.     (Fig.  11.)     Here,  by  diminishing  the  elasticity 
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Fatty  degeneration  of  small  vessels  of  pi  a  mater.  From  a  case  of  chronic  Bright's 
disease,  a.  A  small  artery,  the  coats  of  which  are  somewhat  thickened,  h.  A  capillary, 
in  which  are  seen  a  few  red  blood-corpuscles.     X  400. 

and  contractility  of  the  vessels,  it  causes  degenerative  changes 
in  the  parts  which  they  supply,  and  often  leads  to  rupture. 
This  is  exemplified  by  many  cases  of  chronic  cerebral  softening 
and  cerebral  hemorrhage,  although  here  atheromatous  are  often 
associated  with  the  fatty  changes.  In  the  larger  arteries,  as  the 
aorta — where  it  is  exceedingly  common — it  is  of  less  importance, 
the  inflammatory  process,  atheroma,  having  here  a  far  more 
deleterious  efifect. 

Fatty  Degeneration  of  Capillaries. — The  capillaries  may 
also  be  the  seat  of  fatty  changes.  Here  they  are  most  common 
in  the  nervous  centres,  and  in  the  kidneys  in  Bright's  disease. 
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(See  Fig.  11,  6.)  The  process  commences  in  the  endothelial 
cells,  and  may  involve  considerable  areas  of  the  capillary  wall, 
so  that  rupture  is  often  the  ultimate  result.  This  is  common  in 
the  smallest  cerebral  bloodvessels,  where  it  is  sometimes  a  cause 
of  cerebral  (capillary)  hemorrhage. 

Primary  fatty  degeneration  of  bloodvessels  is  in  most  cases  a 
senile  change;  it  is  an  expression  of  that  general  impairment  of 
vitality  which  exists  in  advanced  life,  and  is  usually  associated 
with  similar  changes  in  other  parts.  When,  however,  it  is 
limited  to  the  lining  membrane  of  the  largest  arteries,  it  is  often 
met  with  in  early  life  and  in  persons  who  are  otherwise  per- 
fectly healthy.  Fatty  degeneration  secondary  to  inflammatory 
conditions  will  be  considered  subsequently.  (See  "Inflamma- 
tion of  Bloodvessels.") 


Fatty  Degeneration  of  Muscle. 

Both  striated  and  non-striated  muscle  may  be  the  seat  of 
fatty  degeneration.  In  the  latter,  the  muscular  fibre-cells  are 
the  seat  of  the  change;  they  become  filled  with  fat  granules  and 
are  ultimately  destroyed.  This  condition  is  frequently  met  with 
in  the  middle  coat  of  arteries  which  are  undergoing  fatty  de- 
generation. 

In  striated  muscle — both  in  the  voluntary  and  in  the  involun- 
tary of  the    heart — the  fibres  themselves   are  the  seat  of  the 
morbid  process,  which  consists  in  the  replace- 
ment of  the  albuminous  -matter,  of  which  the  ^^'^'  ^'^■ 
fibre  is  composed,  by  fat.       The  earliest  stage 
of  the  aiFection  is  characterized  by  an    indis- 
tinctness  in   the   transverse    markings  of  the 
fibres,  which  in  many  parts   become  studded 
with  minute  particles  of  fat.    (Fig.  12.)     These       Fatty  degeneration 
gradually  increase  in  number  and  size,  and  are     <'/  muscular  fibres 
usually  distributed  somewhat  irregularly  within     "{^g'^"''*  j.  ''moxbIZ 
the  sarcolemma.     In  some  parts,  single  rows  of     vanced.    x  400. 
granules  are  found  running  along  the  length 
of  the  fibre;  in  others,  they  are  grouped  around  the  nuclei  or 
arranged  in  transverse  lines  corresponding  with  the  strise  of  the 
muscle.     The  fibres  become  extremely  friable,  and  are  readily 
broken  up  into  short  fragments.     As  the  process  proceeds,  the 
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transverse  markings  entirely  disappear,  and  nothing  but  molec- 
ular fat  and  oil  globules  are  seen  within  the  sarcolemma.  The 
sarcolemma  itself  may  ultimately  be  destroyed,  and  nothing 
remain  of  the  original  fibre  but  the  fatty  debris  into  which  its 
albuminous  constituents  have  been  converted.  This  is  true 
fatty  degeneration  of  muscle;  in  it  the  muscular  elements  are 
destroyed,  and  it  thus  differs  essentially  from  fatty  infiltration, 
in  which  there  is  simply  a  development  of  fat  between  the 
fasciculi,  the  fasciculi  themselves  not  being  primarily  afiected. 
(See  "Fatty  Infiltration  of  Muscle.") 

Fatty  Degeneration  of  the  Heart. 

It  is  in  the  heart  that  fatty  degeneration  of  muscle  is  most 
frequently  met  with,  and  here  it  assumes  a  most  important 
aspect  from  the  deleterious  influence  which  it  exercises  upon 
the  motor  powet-  of  the  organ.  The  muscular  substance  may 
be  affected  throughout,  or  the  degeneration  may  be  confined  to 
certain  portions  of  it.  The  wider  the  extent  of  tissue  that  is 
affected,  the  less  advanced,  as  a  rule,  is  the  degree  of  the  degen- 
eration. It  is  in  those  cases  in  which  small  tracts  of  tissue  only 
are  involved  that  the  process  is  met  with  in  its  most  advanced 
stage. 

When  the  change  is  slight  and  more  or  less  general,  the 
muscle  is  somewhat  softer  and  more  flabby  than  natural;  it  is 
more  friable,  and  often  breaks  with  a  soft  granular  fracture; 
and  its  color  is  rather  paler  and  more  opaque  than  that  of 
healthy  cardiac  tissue.  Under  the  microscope,  the  muscular 
fibres  are  seen  to  have  lost  to  some  extent  their  striated  appear- 
ance, and  to  contain  granules  of  fat.     (Fig.  12,  a.) 

This  diffuse  form  of  degeneration  may  occur  in  the  course  of 
those  diseases  in  which  the  oxidation  processes  are  reduced  to  a 
minimum;  in  all  those  diseases,  in  short,  which  are  attended  by 
marked  anaemia,  whether  this  anaemia  be  gradually  or  rapidly 
induced.  In  the  case  from  which  the  accompanying  drawing 
was  taken,  the  degeneration  was  acute.  (Fig.  13.)  This  was 
the  case  of  a  weakly  young  girl  who  was  under  my  care  suffer- 
ing from  slight  valvular  disease.  She  quickly  succumbed  with 
acute  fatty  degeneration  of  the  heart  and  other  muscles,  which 
was   induced    by  a  profuse  loss  of  blood  during  a  menstrual 
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period,  and  by  inability  to  retain  food/  Interference  with  the 
circulation  in  the  coronary  arteries  is  also  a  frequent  cause  of  a 
more  or  less  general  degeneration  of  the  muscular  tissue.  This 
occurs  especially  as  a  result  of  aortic  incompetence,  and  explains 
the  early  failure  of  cardiac  power  in  this  form  of  valvular  dis- 
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Acute  fatty  degeneration  of  heart  and  of  other  muscles,  a.  Heart,  h.  Rectus  ab- 
dominis. The  whole  of  the  heart-tissue  was  affected,  and  also  the  muscles  in  other  parts 
of  the  body.     X  400. 

ease.  Atheromatous  changes  in  these  arteries,  such  as  result 
from  the  increased  blood-pressure  of  Bright's  disease,  lead  in 
the  same  way  to  fatty  degeneration.  Lastly,  in  its  slightest 
degrees,  a  diffuse  fatty  degeneration  of  the  heart  sometimes 
occurs  in  the  course  of  acute  febrile  diseases.  This  will  be 
again  referred  to  in  the  chapter  treating  of  the  histological 
changes  produced  by  pyrexia. 

Sometimes  the  degeneration,  although  perhaps  more  or  less 
general,  is  much  more  advanced  in  some  parts  than  in  others. 
In  such  cases,  the  heart  presents  a  mottled  appearance ;  opaque, 
pale  yellowish,  or  brownish  patches  are  seen  irregularly  dis- 
tributed throughout  its  substance.  These  patches,  which  vary 
considerably  in  size  and  form,  are  met  with  especially  in  the 

1  This  case  is  reported  in  Trans.  Clinical  Society  of  London,  vol.  viii.,  1875. 
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Fig.  14. 


papillary  muscles,  the  columiife  carnese,  and  in  the  layers  of 
libres  immediately  beneath  the  endocardium.  They  may  also 
occur  beneath  the  pericardium,  and  in  the  deeper  portions  of  the 
organ.  They  correspond  with  the  most  degenerated  portions  of 
the  tissue.  They  are  soft  and  flabby,  and  have  a  rotten  consist- 
ence, tearing  readily  under  the  finger.  Under  the  microscope, 
the  fibres  are  seen  to  be  in  an  advanced  stage  of  fatty  degen- 
eration, their  sarcolemma  containing  molecules  of  fat  and  oil 
globules,  which  in  many  parts  have  escaped  and  lie  free  amongst 
the  surrounding  less  degenerated  tissues.  (Fig.  12,  b.)  These 
more  localized  degenerations  are  most  common  in  old  people, 
and  usually  result  from  considerable  disease  of  some  branches 
of  the  coronary  bloodvessels,  and  not  from  conditions  of  general 
anaemia.  The  peripheral  layers  of  muscular  tissue  also  fre- 
quently undergo  extensive  fatty  degeneration  as  the  result  of 
pericarditis.  The  connection  between  these 
localized  degenerations  and  rupture  and  aneu- 
rism of  the  heart  is  well  known. 

Brown  Atrophy  of  the  Heart. — Somewhat 
allied  to,  and  occasionally  associated  with,  fatty 
degeneration  of  the  heart,  is  the  condition 
known  as  brown  atrophy.  This  consists  in  a 
gradual  atrophy  of  the  muscular  fibres,  together 
with  the  formation  of  granules  of  brownish- 
yellow  or  black  pigment.  These  granules  of 
pigment,  which  are  probably  the  coloring 
matter  of  the  muscle,  are  either  grouped  in 
clusters  around  the  nuclei,  or  more  generally 
distributed  within  the  fibre.  The  fibres  are 
frequently,  at  the  same  time,  the  seat  of  more 
or  less  fatty  degeneration.  (Fig.  14.)  This  change  usually 
occurs  as  a  senile  one,  or  as  a  part  of  general  marasmus  from 
other  causes.  It  is  also  met  with  in  some  cases  of  cardiac 
hypertrophy.  Its  recognition  is  in  most  cases  impossible  with- 
out the  aid  of  the  microscope. 


rown  atrophy  of 
the  heart.  Showing 
the  granules  of  pig- 
ment and  the  atro- 
phy of  the  fibres. 
The  latter  have  in 
some  parts  under- 
gone slight  fatty  me- 
tamorphosis. X  4011. 


Fatty  Degeneration  of  the  Kidneys. 

Fatty  degeneration  of  the  kidneys  frequently  occurs  as  a  result 
of  inflammation  of  the  organs.  This  secondary  degeneration 
will  be  alluded  to  when  treatino-  of  renal  inflammations.     Pri- 
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mary  fatty  degeneration  is  much  less  frequent.  It  must  be 
borne  in  mind  that  the  renal  epithelium  very  commonly  con- 
tains more  or  less  fat;  but  it  is  only  when  this  is  excessive  that 
it  can  be  regarded  as  a  diseased  condition.  This  excessive 
formation  of  fat  in  the  kidney  is,  I  think,  less  common  than  is 
generally  supposed.  It  is,  however,  occasionally  met  with  in 
chronic  diseases,  especially  in  pulmonary  phthisis.  It  is  also  a 
result  of  poisoning  by  phosphorus. 

In  simple  fatty  degeneration,  the  change  is  usually  confined 
to  the  epithelium  of  the  cortex.  The  cortex  presents  on  section 
a  somewhat  yellowish-white  surface,  often  slightly  mottled,  and 
this,  in  most  cases,  is  most  marked  near  the  bases  of  the  pyr- 
amids. There  is  no  adhesion  of  the  capsule  or  granulation  of 
the  surface.  This  change  appears  to  interfere  but  little,  if  any, 
with  the  functions  of  the  organs,  and  in  this  respect  it  resembles 
the  analogous  change  in  the  liver.  It  is  not  usually  accompanied 
by  albuminuria. 

Cerebral  Softening. 

This  is,  perhaps,  the  most  suitable  place  to  speak  of  cerebral 
softening,  inasmuch  as  fatty  degeneration  of  the  brain-tissue 
usually  constitutes  a  prominent  feature  in  the  histological 
changes.  Softening  of  the  cerebral  substance  is  essentially  a 
necrotic  process,  and  may  result  from  all  those  conditions  which 
interfere  with  vascular  supply.  The  portions  of  the  brain  which 
are  the  seat  of  this  change  may  be  merely  rather  softer  than  the 
surrounding  healthy  tissue,  breaking  down  more  readily  under 
a  stream  of  water  which  is  allowed  to  fall  upon  them — or  they 
may  be  completely  diffluent.  They  are  never  distinctly  circum- 
scribed, but  pass  by  insensible  gradations  into  the  neighboring 
tissue. 

Under  the  microscope,  the  change  is  seen  to  consist  in  a  dis- 
integration of  the  nerve-tissue.  The  white  substance  of  the 
fibres  first  coagulates,  then  breaks  up  into  masses  of  various 
sizes  (myeline),  and  these  usually  undergo  more  or  less  fatty 
metamorphosis.  The  cells  of  the  neuroglia,  the  small  blood- 
vessels, and,  when  the  gray  matter  is  implicated,  the  large 
nerve-cells,  are  also  involved  in  the  necrotic  change.  The  tissue 
is  thus  converted  into  broken-down  fibres,  granular  matter,  and 
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molecular  fat,  and  amongst  this  are  numbers  of  the  large  granular 
corpuscles  already  alluded  to  (Fig.  15).  These  corpuscles,  as 
previously  stated,  although  formerly  looked  upon  as  the  result 
of  inflammation,  appear  to  be  simply  conglomerations  of  gran- 

FiQ.  15. 
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Chronic  ivhite  softening  of  the  brain.  Showing  the  granular  corpuscles,  broken-down 
nerve-fibres,  and  fat  granules,  of  which  the  softened  substance  is  composed.  One  or  two 
nucleated  cells  (probably  nerve-cells)  are  also  visible.     X  250. 

ular  matter  resulting  from  the  degeneration  of  cellular  elements 
(see  Fig.  9),  and  in  the  brain,  where  they  are  much  the  most 
common,  many  of  the  granules  are  probably  myeline  and  not 
fat.  These  corpuscles  are  exceedingly  characteristic  of  cerebral 
softening.  They  vary  in  size  from  g-i-g-  to  ^wwo  ^^^^  ^^  diameter, 
and  originate,  according  to  Virchow  and  Robin,  from  the  cells 
of  the  neuroglia — the  connective  tissue  of  the  brain.  The  small 
arteries  and  capillaries  running  through  the  softened  part  are 
many  of  them  tilled  with  granules  and  granular  cells,  the  latter 
probably  originating  in  the  white  blood-corpuscles  which  have 
accumulated  in  the  part  and  undergone  fatty  changes.  As  the 
process  proceeds,  the  cerebral  substance  is  completely  destroyed, 
and  all  trace  of  nerve  structure  is  ultimately  lost.^ 

The  color  of  the  softened  portion  varies  considerably.  It  may 
resemble  that  of  the  surrounding  healthy  tissue,  or  be  of  a  yel- 
lowish or  reddish  tint.  According  to  these  variations  in  color, 
cerebral  softenings  have  been  classified  into  ivhite,  yellow,  and  red. 
The  color  depends  in  great  measure  upon  the  amount  of  blood 
contained  in  the  part,  and  on  this  account  is  important,  as  indi- 
cating the  manner  in  which  the  softening  has  been  brought 
about. 

^  According  to  Prof.  Cohnheim,  the  granular  corpuscles  are  white  hlood-cells 
impregnated  with  fatty  or  other  particles  derived  from  the  surrounding  degenerated 
tissue. —  Vorlesungen  iibe7'  Ally.  Pathologie,  Band  1. 
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White  Softening. — This  is,  in  tlio  great  majority  of  cases,  a 
chronic  process.  It  occurs  especially  in  old  people,  and  is  here 
usually  due  to  that  disease  of  the  smaller  cerebral  bloodvessels, 
and  consequent  interference  with  the  circulation,  which  is 
common  as  a  result  of  age.  The  impairment  of  the  contractile 
power  of  the  heart  must  also  constitute  an  auxiliary  in  the  caus- 
ation of  the  imperfect  vascular  supply.  The  change  in  the  inner 
coat  of  the  cerebral  arteries  due  to  syphilis  is  another  cause  of 
this  form  of  softening  (see  "  Syphilis  ").  It  is  the  gradual  manner 
in  which  the  supply  of  blood  is  diminished  which  accounts  for 
the  absence  of  hyperaemia  or  hemorrhage,  so  that  the  color  of 
the  softened  portion  either  resembles  that  of  healthy  brain-tissue, 
or  is  an  opaque,  dirty  white.  White  softening  is  sometimes 
acute,  in  which  case  it  is  usually  due  to  the  sudden  obstruction 
of  the  circulation  by  the  impaction  of  an  embolus  in  one  of  the 
larger  arteries.     (See  "Embolism  of  the  Brain.") 

Yellow  Softening. — This  is,  in  most  cases,  simply  a  variety  of 
the  former  process,  in  which,  from  the  fine  state  of  division  and 
close  aggregation  of  the  granular  matter,  a  dead  yellowish-white 
color  is  imparted  to  the  softening  tissue.  This  color  is  probably 
often  partly  owing  to  the  presence  of  altered  blood  pigments, 
the  result  of  some  previous  slight  extravasation.  The  pigment 
may  sometimes  be  seen  as  fine  dark  granules,  scattered  through 
the  cells  of  the  neuroglia  and  the  nerve  cells  of  the  gray  matter, 
where  at  first  sight  they  look  like  fatty  particles  :  they  are  dis- 
tinguished, however,  by  their  dark,  black  color.  A  softening  of 
the  brain  more  rapidly  induced,  as  by  embolism  or  thrombosis, 
may  also  occasionally  be  of  a  yellow  color.  This,  however,  is 
only  the  case  when  the  softened  portion  has  attained  a  certain 
age,  and  much  of  the  extravasated  blood  has  been  removed  by 
absorption.  Lastly,  a  condition  of  gelatinous  oedema  of  a  yellow 
color,  which  has  been  described  by  Rokitansky  as  often  being 
present  in  the  immediate  vicinity  of  cerebral  tumors,  has  been 
regarded  as  a  variety  of  yellow  softening. 

Red  Softening. — This  is  commonly  a  more  acute  affection,  most 
frequently  dependent  upon  vascular  obstruction,  either  from  em- 
bolism or  thrombosis.  There  are  collateral  hypersemia,  rupture 
of  capillaries,  and  extravasation  of  blood ;  the  softened  tissue  is 
consequently  of  a  deep  red  color.  These  forms  of  softening  will 
be  described^ in  the  chapter  on  "Embolism."     Red  softening  is 
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also  sometimes  associated  with  the  chronic  white  variety,  some 
of  the  diseased  vessels  giving  way,  and  thus  extravasation  of 
blood  taking  place  into  the  already  softened  tissue.  Lastly,  red 
softening  may  be  inflammatory.  (See  "  Inflammation  of  the 
Brain.") 


CHAPTER    V. 

MUCOID  AND  COLLOID  DEGENERATION. 

Under  this  head  is  included  a  class  of  morbid  changes  which 
are  characterized  by  a  peculiar. softening  of  the  tissues.  Colloid 
and  mucoid  degeneration  have  frequently  been  described  under 
the  common  term  of  "colloid  softenings,"  but,  although  they 
are  closely  allied  and  sometimes  associated,  they  appear  to  con- 
stitute two  distinct  processes. 

Mucoid  Degeneration. — This  consists  in  the  transformation 
of  the  albuminoid  constituents  of  the  tissues  into  mucin.,  owing 
to  which  they  become  converted  into  a  material  of  a  soft, 
nucilaginous,  jelly-like  consistence.  This  is  the  condition  of 
nearly  all  tissues  in  their  immature  or  foetal  state :  the  connec- 
tive tissues  in  the  foetus  consist  almost  entirely  of  this  soft 
mucin-yielding  substance.  Some  tissues  retain  these  characters 
after  birth.  The  umbilical  cord,  atid  the  vitreous  humor  of  the 
eye,  are  both  composed  of  this  substance. 

A  mucoid  change  occurs  as  a  physiological  process  in  the 
secretion  of  mucus.  The  newly  formed  cells  undergo  mucoid 
transformation,  which  results  in  their  destruction,  and  the 
mucus  is  thus  liberated;  or  the  cells  may  evacuate  the  mucus 
without  being  destroyed.  This  process  occurs  much  more 
rapidly  in  all  catarrhal  conditions  of  the  mucous  membrane. 

Mucin  is  closely  allied  to  albumen,  more  so  than  to  either 
gelatine  or  chondrin  :  it  differs  from  it  in  not  containing  sulphur. 
Like  albumen,  it  is  only  met  with  in  alkaline  fluids — being  held 
in  solution  by  the  free  alkali — from  which  it  is  precipitated  by 
dilute  acetic  acid.  It  differs  from  albumen  in  being  insoluble 
in  an  excess  of  the  acid,  and  also  in  not  being  precipitated  by 
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boiling,  by  tannin,  or  by  bichloride  of  mercury.  Its  behavior 
with  these  two  reagents  will  also  distinguish  it  from  gelatine 
and  chondrin,  which  are  both  precipitated  by  them. 

As  a  pathological  process,  mucoid  degeneration  may  also  affect 
both  the  cells  and  the  intercellular  substance.  It  is  met  with  in 
catarrh  of  mucous  membranes,  and  in  epithelial  cells  in  other 
situations;  also  in  connective  tissue,  cartilage,  especially  the 
intervertebral  and  costal  cartilages  of  old  people,  in  bone,  and 
in  many  of  the  new  formations.  Wherever  it  occurs  it  produces 
softening  of  the  affected  parts;  which  are  transformed  into  a 
homogeneous,  colorless  material,  of  a  soft,  mucilaginous,  jelly- 
like consistence.  If  the  change  is  limited  to  isolated  portions 
of  the  tissue,  the  softened  parts  surrounded  by  those  which  are 
unaltered  often  present  the  appearance  of  cysts.  These  cyst- 
like formations  containing  mucoid  substance  are  not  uncom- 
monly met  with  in  the  costal  cartilages  and  in  new  growths. 

As  to  the  cause  of  the  mucoid  change,  nothing  is  known. 

Colloid  Degeneration. — This  is  allied  to  the  former,  inas- 
much as  it  consists  in  a  metamorphosis  of  the  albuminoid  con- 
stituents of  the  cells.  The  substance  into  which  the  protoplasm 
is  transformed  is  known  as  colloid  material.  Colloid  closely  re- 
sembles mucin,  but  it  differs  from  it  chemically,  in  containing 
sulphur,  and  in  not  being  precipitated  by  acetic  acid.  It  is  a 
colorless,  transparent,  glistening  material  of  the  consistence  of 
jelly  or  half-set  glue.  It  makes  its  appearance 
within  the  cells  as  small  lumps,  which  gradu-  ^^^-  ^^• 

ally  increase  in  size,  pushing  the  nucleus  to  one  fc^  ) 

side,  until  they  completely  fill  the  cell.     (Fig.        f^    ^^ 
16.)     The  cells   are  thus   destroyed,  and  con-  f^(6^ 

verted  into  colloid  masses.     The  small  colloid 
masses  subsequently  swell  up,  coalesce,  and  so 
form  larger  masses  of  firm,  transparent,  yel- 
lowish, jelly-like  material,  which  are  readily  to         /-~\''L^  -O) 
be  recognized  by  the  naked  eye.     As  the  col-        Vy 
loid   matter  increases,  and   the   cells   are  de-        Ooiioid  ceih,  from 
stroyed,  the  intercellular   substance  atrophies     TRindfleisch /*"'^^' 
or  softens,  and  in  this  way  cyst-like  cavities  are 
formed,   within  which  is   contained  the  gelatinous    substance. 
Here   it   may  subsequently  undergo  a  process  of  liquefaction. 
(See  Fig.  61.) 
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The  colloid  change  is  most  common  in  enlargements  of  the 
thyroid  gland,  in  the  lymphatic  glands,  in  the  choroid  plexus, 
and  in  many  of  the  new  formations.  (See  "  Colloid  Cancer.") 
Its  causes  and  nature  are  as  obscure  as  those  of  the  allied 
mucoid  softening. 

It  is  when  occurring  in  new  formations  that  these  two  forms 
of  degeneration  assume  their  most  important  aspects.  Certain 
varieties  of  tumors  may  originate  as  mucoid  or  colloid  growths, 
or  may  subsequently  undergo  these  morbid  transformations. 
The  mucous  tumors  (myxomata),  which  resemble  in  structure 
the  umbilical  cord,  consist  entirely  of  a  gelatinous  mucin-yielding 
substance.  The  sarcomata,  lipomata,  enchondromata,  and  the 
cancers  may  also  become  the  seats  of  these  forms  of  softening. 
Such  growths  have  sometimes  been  described  as  gelatiniform  or 
colloid  cancers,  this  term  having  been  applied  to  them  without 
any  regard  to  their  structure  or  real  nature.  Cancers,  it  is  true, 
may  undergo  a  colloid  change  (see  "Colloid  Cancer");  but  it  is 
by  no  means  true  that  all  tumors  possessing  these  soft  gelatini- 
form characters  are  cancers.  The  terms  "  mucoid  "  or  "  colloid  " 
applied  to  a  new  growth  merely  imply  certain  physical  and 
chemical  characters,  and  convey  but  little  information  as  to  its 
real  nature. 

Zenker's  Degeneration   of    Muscle. 

Allusion  must  be  made  here  to  a  change  met  with  in  the 
muscles  in  typhoid  fever,  and  occurring  under  certain  other 
conditions,  which  was  iirst  described  by  Zenker,  and  which  has 
been  supposed  to  be  somewhat  allied  to  colloid  degeneration. 
This  change,  when  occurring  in  typhoid,  is  most  marked  in  the 
recti  muscles  of  the  abdomen,  the  adductors  of  the  thigh,  and 
in  the  diaphragm.  The  portions  of  muscle  affected  are  more 
opaque  than  natural,  of  a  reddish-gray  or  brownish-yellow  color, 
and  abnormally  friable.  Under  the  microscope,  the  altered 
fibres  are  much  swollen,  the  transverse  striation  is  lost,  and  the 
sarcolemma  is  occupied  by  a  homogeneous,  structureless  material. 
This  material  is  exceedingly  brittle,  and,  as  usually  seen,  presents 
a  wrinkled  appearance,  or  is  broken  up  transversely  into  several 
irregular  fragments.  (Fig.  17.)  The  fibres  are  never  universally 
affected,  but  many  normal  are  associated  with  altered  elements. 
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This  change  necessarily  impairs  the  contractile  power  of  the 
muscle,  and  it  often  leads  to  rupture  of  some  of  the  fasciculi  and 
hemorrhage.  The  new  material  appears  to  be  readily  absorbed, 
and  the  lost  fibres  to  be  quickly  regenerated. 

With  regard  to  the  nature  of  the  change,  but  little  is  known. 
Although  most  frequent  in  typhoid,  it  occurs  occasionally  in 
other  severe  febrile  diseases.  It  is  also  described  by  Cornil  and 
Ranvier  as  sometimes  occurring  in  muscles  in  the  neighborhood 

Fig.  17. 


A,2'>ortion  of  the  soleus   muscle  from  a  case  of  ti/phoid  fever.     Preparation  teased   after 
treatment  with  Muller's  fluid.     X  200.     Reduced  1. 


of  abscesses,  of  inflamed  bone,  and  of  tumors.  Muscles  which 
have  been  bruised  or  otherwise  injured,  whether  before  or  after 
systemic  death,  occasionally  exhibit  a  similar  change;  arid  Prof. 
Cohnheim  considers  that  it  is  probably  merely  some  disturbed 
form  of  post-mortem  coagulation  of  the  muscle.  Whether  this 
be  so,  or  whether  the  change  is  due  to  some  abnormal  chemical 
process  taking  place  in  the  muscle  during  life,  must  in  the 
present  state  of  our  knowledge  remain  uncertain. 
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CHAPTER  VI. 


LARDACEOUS  DEGENERATION. 


Lardaceous  Degeneration,  which  is  one  of  the  most  impor- 
tant of  the  degenerative  processes,  is  an  alteration  in  the  tissues 
characterized  by  the  appearance  in  them  of  a  peculiar  homo- 
geneous, translucent  substance  closely  allied  to  albumen,  by 
which  their  vitality  becomes  diminished  and  their  functions 
impaired.  It  is  often  known  as  the  amyloid  change,  this  name 
having  been  applied  to  it  by  Virchow,  from  the  supposed  re- 
semblance of  the  new  material  to  cellulose  or  starch.  The  term 
lardaceous  originated  in  the  fact  that  the  affected  organs  have 
somewhat  the  appearance  of  lard  or  wax,  and  as  being  that  by 
which  it  is  perhaps  most  generally  known,  it  is  here  adopted. 

This  form  of  degeneration  is  very  rarely  a  primary  afi'ection, 
but  almost  invariably  occurs  as  the  sequel  of  some  other  disease. 
There  are  two  conditions  which  appear  to  be  especially  concerned 
in  its  causation — suppuration  and  syphilis.  It  is  in  those  diseases 
which  are  attended  by  profuse  and  long-continued  suppuration, 
such  as  chronic  diseases  of  bone,  empyema,  and  chronic  disinte- 
grative .diseases  of  the  lungs,  chronic  pyelitis,  and  chronic  intes- 
tinal ulceration,  that  the  lardaceous  change  is  most  frequently 
met  with.  It  also  occurs  in  the  advanced  stages  of  syphilis,  but 
especially  in  those  cases  in  which  there  is  chronic  bone  disease 
or  chronic  ulceration.  In  quite  exceptional  cases  it  is  met  with 
in  the  absence  of  either  of  these  conditions. 

JTearly  every  organ  and  tissue  may  be  the  seat  of  the  change; 
those,  however,  in  which  it  is  especially  prone  to  occur  are  the 
liver,  the  spleen,  the  lymphatic  glands,  the  kidneys,  and  the  intestines. 
It  is  met  with  less  frequently  in  the  stomach,  in  the  suprarenal 
capsules,  in  the  pharynx,  the  oesophagus,  in  the  bladder,  prostate, 
and  generative  organs,  in  serous  membranes,  in  the  membranes 
of  the  brain  and  cord,  and  in  muscle.  It  also  occasionally  affects 
pathological  products,  as  thrombi,  inflammatory  exudations,  etc. 
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It  is  rarely  limited  to  one  organ,  but  several  organs  are  almost 
invariably  simultaneously  affected  by  it. 

Respecting  the  nature  of  the  new  material  which  exists  in  the 
tissues,  the  analyses  of  Kekule  and  Schmidt  show  that  it  is  a 
nitrogenous  substance  closely  allied  to  albumen.  The  conclu- 
sions arrived  at  by  these  observers  are,  however,  not  satisfactory, 
as  they  were  unable  completely  to  separate  the  substance  from 
the  tissues.  More  recently,  Kiihne  succeeded  in  more  com- 
pletely isolating  it.  He  submitted  the  affected  organs  to  a 
process  of  artificial  digestion,  and  inasmuch  as  the  lardaceous 
substance  is  not  dissolved  by  digestion  with  pepsin,  it  was  thus 
obtained  free  from  the  tissues  in  which  it  was  contained.  The 
result  of  Kiihne's  analyses  is  very  similar  to  those  of  Kekule 
and  Schmidt.  Dr.  Dickinson  regards  the  new  substance  as 
fibrin  deprived  of  its  alkaline  salts.  The  investigations  of  Dr. 
Marcet^  show  that  the  affected  organs  are  considerably  deficient 
in  potash  and  phosphoric  acid,  whilst  they  contain  an  excess  of 
soda  and  chlorine.  In  conclusion,  it  may  be  stated  that  although 
the  precise  composition  of  the  lardaceous  substance  has  not  yet 
been  determined,  the  results  of  the  several  analyses  appear  to 
justify  the  opinion  that  it  is  some  modification  of  albumen. 

The  most  characteristic  feature  of  the  lardaceous  substance  is 
the  peculiar  reaction  which  it  gives  with  iodine,  and  with  iodine 
and  sulphuric  acid.  If  an  aqueous  solution  of  iodine — made 
with  the  help  of  potassium  iodide — be  applied  to  a  lardaceous 
organ,  the  affected  portion  changes  to  a  deep  reddish-brow^n 
color.  This  is  not  permanent,  but  gradually  passes  off,  and  the 
part  regains  its  former  appearance.  If  the  application  of  the 
iodine  be  followed  by  the  cautious  addition  of  sulphuric  acid,  a 
blackish-blue  or  violet  tint  is  produced.  This  latter  reaction, 
however,  is  not  easily  obtained,  considerable  nicety  being 
required  in  the  application  of  the  reagents.  The  following  is 
the  method  for  obtaining  it,  recommended  by  Professor  Yir- 
chow  :  A  dilute  aqueous  solution  of  iodine  must  be  allowed  to 
soak  well  into  the  tissue,  the  excess  must  be  poured  off,  and  a 
single  drop  of  concentrated  sulphuric  acid  gradually  added, 
when  a  blue  or  violet  color  will  be  produced,  either  at  once  or 

'  See  "  Keportof  Committee  on  Lardaceous  Disease,"  Trans.  Path.  Soc.  Lend., 
1871. 
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after  some  time.  In  the  hands  of  English  pathologists  this  latter 
reaction  has  certainly  met  with  but  little  success ;  and  if  the 
color  be  obtained,  it  is  by  no  means  satisfactory,  and  more  nearly 
resembles  a  black  than  the  blue  which  has  been  described.  For- 
tunately, however,  the  reaction  with  iodine  alone  is  sufficiently 
characteristic,  and  the  attempt  to  obtain  the  blue  by  the  subse- 
quent addition  of  sulphuric  acid  is,  therefore,  quite  unnecessary. 
If  the  change  is  at  all  advanced,  the  reddish-brown  color  will  be 
produced  by  merely  pouring  the  aqueous  solution  of  iodine  over 
the  cut  surface  of  the  organ  ;  but  in  slighter  degrees  of  the  affisc- 
tion,  thin  sections  must  be  made  with  a  Valentin's  knife,  and 
well  washed  with  water  to  remove  the  blood,  before  the  colora- 
tion with  iodine  can  be  obtained. 

Certain  other  forms  of  altered  albumen  exhibit  a  similar  color 
when  treated  with  iodine,  so  that  this  reaction  cannot  be  regarded 
as  absolutely  characteristic.  Recently,  M.  Cornil  has  discovered 
another  property  of  the  lardaceous  substance,  which  consists  in 
the  deep  violet-red  staining  which  it  undergoes  when  treated 
with  a  solution  of  raethylaniline  violet,  the  healthy  tissue  being 
colored  an  indigo-blue.  This  reaction  appears  to  be  valuable, 
inasmuch  as  the  staining  is  much  more  permanent -than  that 
caused  by  iodine,  and  thus  is  more  suited  for  microscopic  pur- 
poses ;  and  as  the  iodine  reaction  can  be  obtained  with  other 
albuminous  bodies,  M.  Cornil's  method  is  especially  valuable  as 
a  confirmatory  test. 

The  lardaceous  substance  usually  makes  its  appearance  first 
in  the  small  arteries,  the  cells  of  the  intima  and  of  the  muscular 
coat  being  first  affected,  then  the  remaining  structures  of  the 
artery.  When  the  vessels  have  become  involved  the  new 
material  appears  in  the  immediately  surrounding  parts,  both  in 
the  cells  and  in  the  intercellular  substance.  The  change  may 
thus  involve  the  whole  organ,  or  it  may  be  limited  to  certain 
portions.  In  the  spleen,  for  example,  it  is  frequently  limited  to 
the  Malpighian  corpuscles ;  and  in  the  liver  to  the  cells  in  the 
more  immediate  vicinity  of  the  hepatic  artery. 

The  alterations  produced  in  the  tissues  by  this  degeneration 
are  very  characteristic.  The  cells  gradually  increase  in  size, 
they  lose  any  irregularities  in  their  contour,  and  become  rounder 
and  more  regular  in  shap)e,  their  nuclei  disappear,  and  the  whole 
cell  is  converted  into  a  structureless,  homogeneous  body  which 
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has  a  peculiar  translucent,  glistening  appearance.  (Fig-  18,  o..) 
If  the  cells  are  in  close  contact  many  of  them  may  coalesce,  and 
their  distinctive  boundaries  thus  become  obliterated.  (Fig.  18,  h.) 
The  intercellular  substance  in  the  same  way  acquires  a  homo- 
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Lardaceous  liver  cells,     a.  Single  cells,     h.  Cells  which  have  coalesced. 
X   300.     (Rindfleisch.) 

geneous  glistening  appearance.  The  walls  of  the  small  arteries 
— in  which,  as  already  stated,  the  change  usually  commences — 
become  considerably  thickened,  the  cells  of  the  muscular  coat 
enlarge  and  ultimately  coalesce,  the  calibre  of  the  vessel  becomes 
diminished,  and  the  circulation  through  it  is  consequently  im- 
peded.    (See  Fig.  20.> 

Organs  in  which  this  change  is  at  all  advanced  present  features 
so  characteristic  that  its  nature  can  be  readily  recognized  by  the 
naked  eye.  They  are  usually  considerably  in-creased  in  size ; 
their  absolute  weight  is  increased,  and  also  their  specific  gravity ; 
their  surface  is  smooth,  and  the  capsule  tense  and  stretched; 
their  consistence  is  firm  and  somewhat  elastic.  On  section  they 
exhibit  a  peculiar  homogeneous,  glistening,  translucent  appear- 
ance, somewhat  resembling  wax  or  glue.  Owing  to  the  dimin- 
ished calibre  of  their  bloodvessels,  and  to  the  pressure  exercised 
by  the  new  material,  they  contain  but  little  blood,  and  hence  are 
always  pale  in  color.  Although  the  above  characters  are  often 
sufficiently  marked,  they  should  always  be  confirmed  by  the 
application  of  iodine  or  methylaniline  to  the  cut  surface  of  the 
organ.  In  slighter  degrees  of  the  afifection,  when  the  physical 
characters  are  but  little  altered,  the  application  of  these  reagents 
may  become  necessary  in  order  to  discover  the  presence  of  the 
new  substance. 

The  efifect  of  lardaceous  degeneration  is  to  impair  or  even  to 
destroy  completely  the  nutrition  and  function  of  those  organs 
which  are  aflfected  by  it.     This   is  owing   to  two  causes — the 
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obstruction  offered  to  the  circulation,  and  the  injurious  influence 
of  the  new  material  upon  the  vitality  of  the  affected  cells.  The 
obstruction  to  the  circulation,  which  results  partly  from  the 
diminution  in  the  calibre  of  the  small  arteries,  and  partly  from 
the  general  pressure  exercised  by  the  new  substance,  causes  an 
insufficiency  in  the  supply  of  arterial  blood.  As  a  consequence 
of  this,  the  cells  tend  to  undergo  fatty  metamorphosis,  which 
indeed  is  frequently  associated  with  the  lardaceous  change.  As 
this  form  of  degeneration  is  almost  invariably  secondary  to  some 
grave  constitutional  state,  it  can  rarely  be  looked  upon  as  in 
itself  a  cause  of  death,  although  it  may  materially  hasten,  and 
even  determine  the  fatal  termination. 

Having  thus  described  the  nature  of  the  lardaceous  substance, 
and  the  way  in  which  it  makes  its  appearance  in  the  several 
tissues  of  an  organ,  it  remains  to  consider  the  source  from  which 
it  is  derived.  The  disease  has  usually  been  regarded  as  an  infil- 
tration, as  the  deposition  in  the  tissues  of  some  new  material 
derived  from  the  blood.  This  view  is  based  upon  the  way  in 
which  the  several  tissues  of  an  organ  are  afiected,  the  change 
usually  commencing  in  the  small  nutrient  bloodvessels,  and  ex- 
tending from  them  to  the  surrounding  parts;  upon  the  general 
character  of  the  affection,  several  organs  being  simultaneously 
involved ;  and  upon  the  fact  that  the  disease  is  almost  invariably 
secondary  to  chronic  suppuration  or  syphilis.  The  existence, 
however,  of  any  albuminoid  substance  in  the  blood  which  re- 
sembles the  lardaceous  material  in  its  chemical  reactions,  has 
never  been  made  out  even  in  the  most  marked  cases  of  the  dis- 
ease. This  fact  must,  therefore,  negative  the  supposition  that  it 
is  a  simple  infiltration.  If  the  new  material  be  derived  from  the 
blood  at  all,  it  must  undergo  some  chemical  change  subsequently 
to  its  deposition  in  the  tissues.  Dr.  Dickinson  considers  that  it 
is  dealkalized  fibrin,  which  is  deposited  in  consequence  of  the 
loss  of  the  alkali  which  it  normally  contains.  This  loss  of  alkali 
he  attributes  to  the  chronic  suppuration  which  usually  precedes 
the  disease,  pus  containing  large  quantities  of  potassium  and 
sodium  salts.  He  consequently  terms  the  disease  "depurative 
infiltration,"^  Whatever  be  the  exact  nature  of  the  change,  it 
is  probably  due  to  some  abnormal  state  of  the  blood;  although 

'  Medico-Chirurgical  Trunsaclions,  vul.  1. 
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whether  the  new  substance  found  in  the  organs  is  a  deposition, 
or  an  altered  condition  of  the  albumen  of  the  tissues  due  to  the 
altered  blood,  must  for  the  present  remain  uncertain. 


Lardaceous  Degeneration  of  the  Liver. 

The  liver  is  one  of  the  most  frequent  seats  of  the  lardaceous 
change,  and  here,  as  in  other  parts,  it  probably  commences  in 
the  small  nutrient  bloodvessels,  although  the  alterations  are 
much  the  most  marked  in  the  hepatic  cells.  If  a  liver  be  ex- 
amined in  the  earlier  stages  of  the  affection,  and  the  iodine 
solution  applied  to  thin  washed  sections  of  the  organ,  it  will  be 
found  that  the  characteristic  staining  is  limited  to  certain  por- 
tions of  the  lobules — viz.,  to  those  which  are  situated  between 
the  external  and  central  parts.  This  intermediate  portion  cor- 
responds with  the  distribution  of  the  hepatic  artery,  and  the 
ramifications  of  this  vessel,  together  with  the  hepatic  cells 
situated  in  their  vicinity,  are  the  first  to  become  affected.  (Fig. 
19.)     As  the  change  advances  the  whole  lobule  may  ultimately 

Fig.  19. 
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Lardaceous  liver.  A  portion  of  one  lobule,  showing  the  enlargement  and  fusion  of  the 
hepatic  cells,  and  the  greater  implication  of  the  intermediate  zone  of  the  lobule.  At  the 
more  external  portion  of  the  lobule  are  seen  several  fat  cells,  a  certain  amount  of  fatty 
infiltration  being  associated  with  the  lardaceous  change,     v.  Hepatic  vein.     X  100. 

become  involved.  The  alterations  in  the  hepatic  cells  are  very 
characteristic.  They  are  much  enlarged,  irregular  in  outline, 
their  nuclei  are  imperceptible,  and  many  of  them  are  fused 
together  into  irregular-shaped  masses.     (See  Fig.  18.) 
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The  earliest  seat  of  the  lardaceous  change  thus  differs  from 
that  of  the  fatty.  In  fatty  infiltration  it  is  the  most  external 
portion  of  the  lobule  in  which  the  fat  first  accumulates — that 
which  corresponds  with  the  distribution  of  the  portal  vein. 
(See  Fig.  8.)  It  differs  also  from  that  pigmentation  of  the 
hepatic  cells,  resulting  from  mechanical  congestion,  which  takes 
place  in  the  most  central  portion,  around  the  hepatic  vein.  (See 
"Nutmeg  Liver.")  Thus  in  each  hepatic  lobule  three  zones 
may  be  distinguished  :  an  external  one,  which  is  the  chief  seat 
of  the  fatty  change ;  a  central  one,  which  is  the  chief  seat  of  the 
pigmentary  change ;  and  an  intermediate  one,  which  is  the  chief 
seat  of  the  lardaceous  change.  These  three  zones,  indeed,  may 
frequently  be  recognized  by  the  naked  eye,  the  pale  opaque 
external  one  contrasting  strongly  with  the  intermediate  one 
which  is  translucent,  and  with  the  darker  central  one.  In  the 
most  advanced  stages  of  the  disease,  however,  both  the  external 
and  central  portions  of  the  lobule  may  become  involved,  and 
the  cut  surface  present  an  almost  uniformly  homogeneous  ap- 
pearance. 

The  lardaceous  liver  is  increased  in  size,  often  very  consid- 
erably so;  it  may  be  so  large  as  almost  completely  to  fill  the 
abdominal  cavity.  The  enlargement  is  uniform,  and  hence  the 
natural  configuration  of  the  organ  is  but  little  altered.  Its 
weight  is  increased,  and  also  its  specific  gravity.  Its  edge  is 
rounded,  the  surface  is  smooth,  and  the  capsule  appears  tense 
and  stretched.  The  consistence  is  firm  and  elastic.  The  cut 
surface  is  dry,  bloodless,  smooth,  translucent,  and  waxy-looking, 
and  of  a  pale  reddish-gray  or  dirty-yellow  color.  If  the  change 
is  very  far  advanced,  the  tissue  may  be  perfectly  homogeneous, 
all  distinction  between  the  individual  lobules  being  lost.  In 
other  cases  the  lobules  are  distinctly  mapped  out:  they  are  en- 
larged, and  the  external  zone  may  be  of  an  opaque,  yellowish- 
white  color,  owing  to  the  presence  of  fat.  This  association  of 
the  fatty  and  lardaceous  changes  is  exceedingly  common.  Lar- 
daceous degeneration  does  not  obstruct  the  portal  circulation, 
and  hence  does  not  cause  ascites.  It  impairs  the  vitality  of  the 
hepatic  cells,  and  thus  interferes  with  the  functions  of  the  organ. 
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Lardaceous  Degeneration  of  the  Kidneys. 

The  kidneys  are  very  liable  to  be  involved  in  the  lardaceous 
change,  and  here  it  is  the  smaller  bloodvessels  which  are  more 
particularly  affected.  It  may  constitute  in  them  the  primary 
lesion,  or  it  may  occur  subsequently  to  inflammatory  conditions 
implicating  the  secreting  and  interstitial  structures.  As  a 
primary  change,  it  is  sometimes  described  as  a  variety  of 
Bright's  disease. 

The  process  usually  commences  in  the  tufts  of  vessels  which 
form  the  Malpighian  bodies,  the  walls  of  which  become  thick- 
ened by  the  new  material,  so  that  the  tufts  are  increased  in  size. 
It  then  involves  the  small  afferent  arteries,  and  ultimately  the 
vasa  efferentia  and  the  arterioles  rectse  which  run  through  the 
medullary  portion  of  the  organ.  The  changes  produced  in  the 
vessels  are  very  characteristic.  Their  walls  are  considerably 
thickened,  and  their  calibre  is  so  much  diminished  that  the 
smallest  ones  cannot  be  artificially  injected.     This  thickening 
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Lardaceous  degeneration  of  a  Malpigfiian  tuft  and  small  artery  of  the  hidney. 
Showing  the  thickening  of  the  walls  of  the  vessel,  the  enlargement  of  the  cells  of  the 
circular  muscular  coat,  and  the  homogeneous  layer  formed  by  the  intima  and  longitu- 
dinal muscular  fibres.     X  200,  reduced  1. 

of  the  walls  of  the  vessels  is  mainly  owing  to  alterations  in  their 
muscular  coat,  and  especially  to  the  cells  of  the  circular  mus- 
cular layer.  These  cells  are  much  increased  in  size,  they  are 
more  or  less  globular  in  shape,  and  many  of  them  have  lost 
their  distinctive  outlines.  The  longitudinal  muscular  fibres 
and  the  most  internal  coat  of  the  vessel  are  often  seen  as  one 
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homogeneous,  glistening,  structureless  layer.  (Fig.  20.)  After 
the  vessels  have  become  affected,  the  intertubular  tissues  of  the 
cortex  are  involved,  and  in  some  cases  the  epithelium  of  the 
tubes  also  undergoes  the  lardaceous  change.  In  the  earlier 
stages  of  the  process,  however — if  the  organ  is  not  the  seat  of 
any  other  morbid  change — the  tubes  and  their  lining  epithelium 
present  a  perfectly  natural  appearance.  Many  of  them  contain 
pale  hyaline  casts,  which  also  appear  in  the  urine.  These,  how- 
ever, are  probably  simply  exudation  products ;  although,  from 
the  reaction  they  occasionally  exhibit,  it  appears  that  they  some- 
times consist  of  the  same  material  as  that  which  permeates  the 
vessels  and  intertubular  structures.  As  the  change  proceeds, 
and  the  new  material  increases  in  amount,  the  tubes  become 
compressed,  and  in  many  places  completely  obstructed.  If  the 
compression  is  not  uniform,  they  may  dilate  and  form  small 
cysts.  The  epithelium,  which  was  at  first  normal,  owing  to  the 
interference  with  its  nutrition,  ultimately  atrophies  and  under- 
goes fatty  changes.  In  some  cases  it  appears  to  be  the  seat  of 
a  catarrhal  process,  and  the  tubes  are  found  blocked  with  the 
epithelial  products.  In  the  later  stages  of  the  process,  there  is 
almost  invariably  an  increase  in  the  intertubular  connective 
tissue. 

The  first  effect  of  this  change  is  to  obstruct  the  circulation 
in  the  cortex.  The  bloodvessels,  diminished  in  calibre,  allow 
little  but  the  liquor  sanguinis  to  pass  through  them,  the  passage 
of  the  blood-corpuscles  being  to  a  great  extent  prevented; 
hence  the  pallor  of  this  portion  of  the  organ.  The  arterial 
walls  are  so  altered  that  fluids  and  albumen  readily  permeate 
them;  and  thus  is  produced  the  large  quantity  of  urine,  loaded 
with  albumen,  which  characterizes  the  earlier  stages  of  this 
affection.  As  the  change  proceeds,  and  the  tubes  become  ob- 
structed, the  urine  diminishes  in  quantity.  The  excretion  of 
urea  is  less  interfered  with  than  in  other  forms  of  B right's 
disease,  and  hence  symptoms  due  to  its  retention  seldom  occur. 
Tube  casts  are  rarely  numerous;  they  are  for  the  most  part 
hyaline  or  finely  granular,  though  sometimes  they  are  covered 
with  fatty  epithelium. 

In  the  earlier  stages  of  the  affection,  the  cortex  of  the  kidney 
is  merely  rather  paler  than  natural,  and  perhaps  somewhat 
firmer  in  consistence;  but  otherwise  it  presents  no  abnormal 
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appearance.  It  is  only  upon  the  application  of  iodine  to  the 
cut  surface,  or  to  thin  washed  sections  of  the  organ,  that  its 
diseased  condition  becomes  evident.  When  this  test  is  em- 
ployed, the  Malpighian  bodies  at  once  become  apparent  as 
minute  red  points  scattered  through  the  cortex.  As  the  disease 
advances,  the  size  of  the  organ  increases;  the  enlargement, 
however,  is  principally  confined  to  the  cortex.  The  surface  is 
smooth,  and  the  capsule  separates  readily.  The  enlarged  cortex 
is  remarkably  pale  and  anaemic,  and  has  a  peculiar  translucent, 
homogeneous,  wax-like  appearance.  Its  consistence  is  hard 
and  firm.  A  few  scattered  vessels  may  be  seen  on  the  surface, 
and  the  bases  of  the  pyramids  sometimes  exhibit  an  increased 
amount  of  vascularity.  If  iodine  be  poured  over  the  cut  sur- 
face, the  Malpighian  bodies  and  the  arteries  of  the  cortex  become 
mapped  out  almost  as  clearly  as  in  an  artificial  injection.  The 
enlarged  Malpighian  bodies  may  indeed  usually  be  seen  as  glist- 
ening points  before  the  iodine  is  applied.  Frequently,  the 
homogeneous  appearance  of  the  cortex  is  interrupted  by  minute, 
opaque,  yellowish-white  lines  and  markings ;  these  are  produced 
by  the  fatty  changes  in  the  epithelium  of  the  tubes,  which  so 
commonly  occur  in  the  later  stages  of  the  affection.  Ultimately 
the  capsule  becomes  more  or  less  adherent,  and  slight  irregular 
depressions  make  their  appearance  upon  the  surface  of  the 
organ ;  the  latter  are  due  to  atrophic  changes  in  some  of  the 
tubes.  If,  as  is  usually  the  case,  the  process  is  associated  with 
an  increase  in  the  intertubular  connective  tissue,  the  atrophy  of 
the  organ  will  be  more  marked.     (See  "  Interstitial  l^ephritis.") 


Lardaceous  Degeneration  of  the  Spleen. 

Lardaceous  degeneration  of  the  spleen  is  met  with  in  two 
forms — one  in  which  the  disease  is  limited  to  the  Malpighian 
corpuscles — the  Sago  Spleen,  and  the  other  in  which  the  pulp 
appears  to  be  chiefly  implicated.  The  former  is  much  the  more 
common  condition.  In  it  the  Malpighian  corpuscles  undergo  the 
lardaceous  change,  and  become  converted  into  translucent  wax- 
like bodies,  much  like  boiled  sago,  hence  the  name.  The  process 
commences  in  the  small  arteries  of  the  corpuscle,  and  then  the 
lymphatic  cells,  of  which  the  corpuscle  is  made  up,  are  involved ; 
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they  increase  in  size,  become  more  irregular  in  outline,  many 
of  them  coalesce,  and  ultimately  the  whole  is  converted  into  a 
pale,  firm,  translucent,  glistening  mass.     (Fig.  21.) 

The  sago  spleen  is  more  or  less  enlarged ;  its  weight  and 
density  are  also  increased.  The  cut  surface  is  smooth,  dry,  and 
studded  all  over  with  small  glistening  sago-like  bodies,  varying 

Fig.  21. 
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Lardaceous  degeneration  of  tlie  spleen — "sago  spleen."  A  portion  of  one  of  the  al- 
tered Malpighian  corpuscles,  a,  with  the  adjacent  normal  splenic  tissue,  b.  Showing  the 
increase  in  size,  and,  in  many  parts,  the  coalescence  of  the  cells  of  which  the  corpuscle  is 
composed.     X  200. 

in  size  from  a  millet  to  a  hemp  seed,  which  are  stained  a  reddish- 
brown  color  by  the  iodine  solution.  These  may  become  so  large 
as  to  occupy  a  large  portion  of  the  organ,  although  in  earlier 
stages  of  the  affection  they  are  so  minute  that  they  can  only  be 
seen  in  thin  sections  of  the  tissue. 

In  the  other  variety  of  lardaceous  spleen,  the  pulpy  paren- 
chyma between  the  corpuscles  is  principally  affected.  This  is 
probably  merely  an  advanced  stage  of  the  former  condition,  in 
which  the  disease  extends  from  the  corpuscles  to  the  surround- 
ing pulp ;  the  whole  organ  being  ultimately  involved.  Under 
these  circumstances  the  organ  often  attains  a  considerable  size, 
much  larger  than  is  met  with  in  the  sago  spleen.  It  is  remark- 
ably hard  and  firm,  and  the  capsule  is  tense  and  transparent. 
On  section  it  presents  a  dry,  homogeneous,  translucent,  blood- 
less surface,  of  a  uniform  dark  reddish-brown  color.  Thin 
sections  can  be  readily  made  with  a  knife,  the  organ  cutting 
like  soft  wax.  The.  corpuscles  are  not  visible  as  iu  the  former 
variety,  being  probably  obscured  by  the  surrounding  pulp. 
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Lardaceous   Degeneration   of    Lymphatic    Glands. 

In  the  lymphatic  glands  the  process  much  resembles  that  in 
the  spleen.  The  small  arteries  in  connection  with  the  follicles 
of  the  gland  are  the  earliest  seats  of  the  change;  and  from  these 
it  extends  ^to  the  lymphoid  cells.  The  follicle  thus  becomes 
ultimately  converted  into  a  small  homogeneous  mass. 

These  glands  are  enlarged,  and  on  section  the  minute  wax- 
like bodies  can  often  be  seen  scattered  through  the  cortex.  The 
cut  surface  is  smooth,  pale,  and  translucent. 

As  these  glands  are  largely  concerned  in  the  formation  of  the 
blood-corpuscles,  their  implication  in  the  lardaceous  change 
must,  to  a  large  extent,  aid  in  producing  the  emaciation  and 
anaemia  which  characterize  this  affection.  The  same  is  true  of 
the  spleen,  which  is  usually  simultaneously  involved. 

Lardaceous   Degeneration   of    the  Alimentary   Canal. 

The  whole  of  the  alimentary  tract  may  be  the  seat  of  the 
lardaceous  change,  and  here  it  assumes  an  important  aspect 
from  the  deleterious  influence  which  it  exercises  upon  the  ab- 
sorbent and  secreting  processes,  and  from  the  consequent  im- 
pairment of  the  general  nutrition  which  results.  The  disease, 
however,  in  this  situation  is  very  apt  to  escape  observation,  as  it 
produces  but  little  alteration  in  the  appearance  of  the  parts. 
The  mucous  membrane  may  look  somewhat  pale,  translucent, 
and  oedematous,  but  otherwise  to  the  naked  eye  nothing  is  dis- 
coverable. It  is  only  upon  the  application  of  iodine  to  the 
washed  mucous  surfaces  that  the  nature  of  the  change  becomes 
apparent.  In  the  small  intestine — which  is  perhaps  the  part 
most  commonly  affected — the  effect  of  the  application  of  iodine 
is  very  characteristic.  A  number  of  small  reddish-brown  points 
appear  over  the  whole  surface  of  the  membrane ;  these  corre- 
spond to  the  intestinal  villi,  the  arteries  and  capillaries  of  which 
have  undergone  the  lardaceous  change.  In  the  stomach  and 
oesophagus  the  vessels  are  mapped  out  in  a  similar  manner  by 
the  iodine  solution.  This  change  in  the  intestine  gives  rise  to 
serous  diarrhoea,  this  being  probably  due  to  an  increased  per- 
meability of  the  degenerated  walls  of  the  vessels. 
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The  Corpora  Amylacea. 

The  corpora  amylacese  or  "  amyloid  bodies,"  so  frequently  met 
with  in  the  nervous  system,  in  the  prostate,  and  in  other  parts, 
have  usually  been  looked  upon  as  more  or  less  allied  to  the 
lardaceous  substance ;  there  appears,  however,  with  the  excep- 
tion of  a  certain  similarity  in  their  behavior  with  iodine  and 
sulphuric  acid,  to  be  no  connection  between  them. 

They  are  round  or  oval  bodies,  formed  of  a  succession  of  con- 
centric layers,  and  are  often  changed  to  a  deep  blue  color  by 
iodine,  thus  bearing,  both  in  their  structure  and  chemical  prop- 
erties, a  strong  resemblance  to  granules 
^'iG.  22.  of  vegetable  starch.     (Fig.  22.)     Some- 

times, however,  the  blue   is  only  ex- 
hibited after  the  subsequent  addition 
of  sulphuric  acid,  and  thus  a  resem- 
m     ^-^ /        blance  is  shown  to  the  lardaceous  sub- 
^  ,        r       t  stance.     They  vary  in  size  from  micro- 

Uorporn  amylacese  from  the  _  ^  '' 

prostate.    (Virchow.j  scopic   grauulcs  to   bodies   which   are 

distinctly  visible  to  the  naked  eye ; 
sometimes  being  as  much  as  one  or  two  lines  in  diameter.  The 
larger  ones  are  usually  formed  by  the  conglomeration  of  the 
smaller  granules,  which  are  often  enclosed  by  a  common  en- 
velope. 

They  occur  especially  in  conditions  of  atrophy  or  softening  of 
the  nervous  system ;  the  ependyma  of  the  ventricles,  the  white 
substance  of  the  brain,  the  choroid  plexus,  the  optic  nerve  and 
retina,  and  the  spinal  cord  being  their  favorite  seats.  The 
larger  forms  are  met  with  most  frequently  in  the  prostate.  The 
prostate  of  nearly  every  adult  contains  some  of  these  bodies ; 
and  they  may  accumulate  here  to  such  an  extent  as  to  form 
large  concretions.  They  are  occasionally  met  with  in  the  lungs, 
and  in  mucous  and  serous  membranes. 

As  has  been  said,  they  usually  exhibit  a  bright  blue  color 
upon  the  application  of  iodine  alone,  although  in  some  cases 
not  until  the  subsequent  addition  of  sulphuric  acid.  Many  of 
them,  however,  are  colored  green,  or  even  brown  by  these  re- 
agents. The  green  is  due  to  their  admixture  with  nitrogenous 
matters,  which  give  a  yellow  color  with  iodine,  and  hence  the 
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combination  yields  a  green.  The  greater  the  amount  of  nitro- 
genous matter  the  more  brown  does  the  color  become. 

From  the  laminated  structure  of  these  bodies  they  would 
appear  to  be  formed  by  the  gradual  precipitation  of  some 
material,  layer  by  layer,  upon  the  surface  of  preexisting  particles. 
The  nature  of  the  material,  however,  does  not  appear  to  resemble 
that  of  the  substance  met  with  in  lardaceous  degeneration.  The 
two  processes  are  so  different,  both  in  the  circumstances  under 
which  they  occur  and  in  the  characters  and  seat  of  the  morbid 
products,  that  they  cannot  be  looked  upon  as  analogous.  Lar- 
daceous degeneration  is  a  general  change,  whereas  the  forma- 
tion of  the  corpora  amylacea  is  evidently  of  a  local  nature.  The 
latter  is  often  preceded  by  those  local  atrophic  changes  asso- 
ciated with  advanced  life,  and  appears  to  consist  in  the  deposi- 
tion of  some  material,  probably  liberated  in  the  tissues  them- 
selves, upon  any  free  body  which  may  exist  in  its  vicinity. 

The  corpora  amylacese,  especially  those  occurring  in  the 
choroid  plexus  and  in  the  lateral  ventricles,  are  very  liable  to 
become  calcified,  and  they  then  constitute  one  form  of  "  brain 
sand,"  which  is  so  often  met  with  in  these  situations. 


CHAPTER  VII. 


CALCAREOUS    DEGENERATION. 


Calcareous  Degeneration — or,  as  it  is  more  commonly  called, 
Calcificaiion — consists  in  the  infiltration  of  the  tissues  with  cal- 
careous particles.  Physiologically,  an  infiltration  of  calcareous 
particles  takes  place  in  the  formation  of  bone,  in  which  lime 
and  magnesian  salts  are  deposited  in  the  fibrous  or  cartilaginous 
matrix.  This  physiological  is  precisely  similar  to  the  patho- 
logical process.  It  is  important,  however,  to  distinguish  simple 
calcification  from  ossification.  In  the  latter  there  is  not  only  a 
deposition  of  lime  salts,  but  an  active  change  in  the  tissue  itself 
— a  proliferation  of  the  cellular  elements,  an  intimate  union  of 
the  calcareous  matters  with  the  tissue,  and  the  formation  of  a 
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true  osseous  structure  in  whicli  the  calcareous  particles  are  not 
visible.-  Calcification,  on  the  other  hand,  is  a  purely  passive 
process ;  there  is  no  increased  nutritive  activity  of  the  part,  no 
multiplication  of  elements,  no  alteration  of  the  structure,  but 
merely  an  injS.ltration  with  calcareous  particles. 

An  infiltration  and  deposition  of  calcareous  substances  occurs 
under  two  opposite  conditions :  one  in  which  there  is  an  abso- 
lute increase  in  the  amount  of  these  constituents  in  the  blood, 
and  a  portion  of  the  excess  becomes  deposited  in  the  tissues ; 
the  other  in  which  there  is  no  such  increase,  but  the  deposition 
takes  place  owing  to  some  alteration  in  the  tissue  itself  That 
the  calcareous  particles  are  in  all  cases  brought  to  the  part,  and 
are  not  simply  those  normally  contained  in  it  which  have  be- 
come precipitated,  is  shown  by  the  fact  that  their  quantity 
greatly  exceeds  that  of  healthy  tissue. 

An  absolute  increase  of  the  saline  constituents  in  the  blood, 
and  the  deposition  of  the  excess  in  the  tissues,  is  much  the  less 
frequent  form  of  calcification.  It  occurs  in  some  forms  of  soft- 
ening of  bone,  especially  in  extensive  caries  and  osteomalacia. 
In  these  diseases  the  lime  salts  are  removed  from  the  bone, 
returned  into  the  blood,  and  in  some  of  them  deposited  in  other 
tissues.  In  such  cases  the  calcification  is  usually  more  or  less 
general — many  organs  being  simultaneously  involved.  In  osteo- 
malacia it  is  not  uncommon  to  find  the  kidneys,  the  lungs,  the 
stomach,  the  intestines,  and  even  the  dura  mater  and  liver,  in- 
filtrated to  a  greater  or  less  extent  with  lime  salts.  The  deposi- 
tion takes  place  in  the  tissue  immediately  surrounding  the 
bloodvessels,  through  the  walls  of  which  the  calcareous  matters 
transude ;  thus,  in  the  lungs  the  seat  of  change  is  the  interlob- 
ular tissue;  in  the  stomach,  the  stroma  between  the  glands; 
and  in  the  kidney,  the  tubuli  uriniferi  and  the  intertubular 
tissue.  Analogous  to  this  form  of  calcification  is  the  deposition 
of  the  excess  of  urate  of  soda  which  takes  place  in  gout. 

In  the  great  majority  of  cases,  however,  calcification  is  a  local 
change,  depending  not  upon  any  alteration  in  the  composition 
of  the  blood,  but  upon  changes  in  the  tissues  themselves,  owing 
to  which  some  of  the  saline  matters  which  are  normally  held  in 
solution  in  the  blood  are  deposited  in  them.  The  alteration  in 
the  tissues  consists  in  some  enfeeblement  of  the  nutritive  pro- 
cesses, associated  with  a  diminution  in  the  amount  of  blood, 


CALCAREOUS    DEUKNKR ATIO N.  97 

and  a  retardation  of  its  circulation.  Calcification  is  therefore 
very  frequent  as  a  senile  change,  and  is  especially  common  in 
the  arteries  of  old  people,  (See  "  Calcification  of  Arteries.")  It 
also  occurs  under  other  circumstances  where  tissue-changes  are 
very  feeble,  as  in  thrombi,  in  the  caseous  masses  so  common  in 
the  lungs  and  lymphatic  glands,  in  atheromatous  arteries,  and 
in  non-vascular  tumors.  Respecting  the  cause  of  the  deposition 
of  the  calcareous  substances — it  is  probably  partly  due,  as  stated 
by  Rindfleisch,  to  the  stagnation  of  the  nutritive  fluids  in  the 
part,  owing  to  which  the  free  carbonic  acid,  which  appears  to 
hold  the  salts  in  solution,  escapes,  and  they  are  consequently 
precipitated  ;  and  partly  to  the  non-assimilation  of  these  fluids 
by  the  enfeebled  elements  of  the  tissue. 

The  calcareous  particles  make  their  appearance  both  within 
the  cells  and  in  the  intercellular  substance ;  they  are  much  more 
frequent,  however,  in  the  latter  situation.  They  are  seen  at  first 
as  fine  molecules  scattered  irregularly  through  the  intercellular 
substance.     (Fig.  23.)     They  are  characterized,  when  viewed  by 

Fig.  23. 


) 


A  Atlcified  sarcomatous  tumor.  Showing  the  minute  calcareous  particles  scattered 
through  the  intercellular  substance.  To  the  left  of  the  figure  they  are  so  abundant  as 
almost  completely  to  obscure  the  cells.     X  200. 

transmitted  light,  by  their  opacity,  black  color,  and  irregular 
outline,  and  also  by  their  solubility  in  dilute  mineral  acids. 
They  gradually  increase  in  number  until  ultimately  large  tracts 
of  tissue  may  be  converted  into  an  opaque  calcareous  mass,  in 
which  the  cells  are  enclosed  and  can  no  longer  be  recognized. 
These  larger  masses  have  a  sharp,  black,  irregular  outline,  and 
as  the  calcification  becomes  complete,  acquire  a  homogeneous, 
glistening,  semi-transparent  appearance.  The  cells  themselves 
are  much  less  frequently  infiltrated,  being  usually  merely 
enclosed  and  obscured  by  the  calcified  intercellular  substance. 

7 
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Calcareous  particles  may,  however,  make  their  appearance  in 
the  protoplasm,  and,  gradually  increasing,  convert  the  cell  into 
a  homogeneous  calcareous  body. 

The  calcareous  matters  consist,  for  the  most  part,  of  lime  and 
magnesium  salts,  especially  the  phosphates  and  carbonates.  If 
the  latter  are  present,  the  addition  of  a  little  dilute  hydrochloric 
acid  is  followed  by  the  appearance  of  numerous  minute  air 
bubbles  in  the  tissue,  owing  to  the  liberation  of  carbonic  acid. 
In  those  cases  in  which  calcification  is  associated  with  retained 
gland  secretions,  the  calcareous  matters  will  consist  of  the 
specific  gland  salts. 

A  part  which  has  become  calcified  undergoes  no  further 
change ;  its  vitality  is  completely  destroyed,  and  it  remains  as  an 
inert  mass  In  this  respect  calcareous  difiPers  from  fatty  degen- 
eration. In  the  latter,  subsequent  changes  invariably  take  place ; 
the  part  either  softening,  caseating,  or  becoming  the  seat  of 
calcification  itself.  It  differs  also  in  its  effect  upon  the  tissue. 
The  structure  of  the  affected  part  is  not  destroyed,  and  there  is 
no  annihilation  of  histological  elements,  such  as  occurs  in  fatty 
degeneration.  The  tissue  is  simply  impregnated  with  calcareous 
matters,  which  have  no  other  effect  upon  it  than  -to  render 
it  inert :  its  vitality  is  destroyed,  but  its  structure — in  so  far  as 
the  calcification  is  concerned — remains  unaltered.  If  the  saline 
matters  are  dissolved  out  with  a  little  dilute  mineral  acid,  the 
structure  of  the  part  may  be  again  recognized,  unless,  indeed — 
as  is  so  often  the  case — it  has  been  destroyed  by  some  antece- 
dent change. 

Calcification  must  thus  be  looked  upon  in  many  cases  as  a 
salutary  lesion,  the  impregnation  with  calcareous  matters  pre- 
venting subsequent  changes  in  the  part.  This  is  especially  the 
case  when  it  is  secondary  to  other  forms  of  degeneration.  It  is 
often  the  most  favorable  termination  of  the  large  class  of  fatty 
changes,  as  is  exemplified  by  the  calcification  of  caseous  pro- 
ducts in  the  lungs,  and  of  many  new  formations.  It  may,  on 
the  other  hand,  under  certain  circumstances,  be  attended  with 
most  deleterious  consequences,  as  is  the  case  when  it  afiects  the 
arterial  system. 
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Calcification  of  Arteries. 

Calcification  of  arteries,  like  fatty  degeneration,  may  be  a 
jprimary  or  secondary  affection.  As  a  secondary  change,  it  con- 
stitutes one  of  the  terminations  of  the  atheromatous  process,  and 
as  such  is  constantly  met  with  in  the  aorta  and  its  branches, 
and  in  many  other  situations.     (See  "  Atheroma.") 

Primary  calcification  is  essentially  a  senile  change,  and  is  the 
result  of  that  impairment  of  the  nutrition  of  the  arteries  which 
exists  in  advanced  life.  It  is  associated  with  atrophy"  of  the 
arterial  tissues,  and  in  some  cases  with  fatty  degeneration.  The 
change  is  a  more  or  less  general  one,  and  when  occurring  in 
one  part  is  met  with  in  others.  It  usually  occurs  in  vessels  of 
medium  size,  the  arteries  of  the  upper  and  lower  extremities 
and  of  the  brain  being  those  most  commonly  affected.  Its  most 
common  seat  is  the  middle  coat,  where  it  commences  in  the 
muscular-fibre  cells.  The  calcareous  particles,  which  are  de- 
posited from  the  vasa  vasorum,  make  their  appearance  at  first 
around  and  within  the  nucleus,  and  gradually  increase  until 
they  fill  the  cell,  which  becomes  converted  into  a  small  cal- 
careous flake.  The  process  may  go  on  until  the  muscular  coat 
is  completely  calcified,  or  it  may  be  limited  to  isolated  portions 
of  the  coat,  giving  rise  to  numerous  calcareous  rings  and  plates 
which  are  irregularly  distributed  throughout  it.  From  the 
muscular  it  may  extend  to  the  external  and  internal  coats,  until 
ultimately  the  vessel  becomes  calcified  throughout. 

The  vessel  thus  calcified  loses  its  elasticity  and  contractility ; 
its  lumen  is  diminished,  and  it  is  transformed  into  a  hard,  rigid, 
brittle  tube.  This  condition  is  common  in  the  external  iliac 
and  in  the  vessels  of  the  low^er  extremity,  where  it  is  a  frequent 
cause  of  senile  gangrene.     (See  "  Senile  Gangrene.") 
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CHAPTER    VIII. 


PIGMENTARY  DEGENERATION. 


Pigmentary  Degeneration,  or  Pigmentation,  consists  in  an 
abnormal  formation  of  pigment  in  the  tissues.  All  true  pig- 
ments are  derived  from  the  coloring  matter  of  the  blood. 
Physiologically,  many  of  them  are  eliminated  by  the  kidneys 
and  liver;  others  are  deposited  in  the  tissues,  and  there  remain 
permanent.  The  choroid  coat  of  the  eye  and  the  skin  of  the 
negro  are  well-known  examples  of  tissues  in  which  there  is  this 
permanent  accumulation  of  pigment.  The  cells  in  these  situa- 
tions appear  to  be  endued  with  a  special  power  to  abstract  the 
coloring  matters  from  the  blood,  and  to  store  them  up  in  their 
interior,  where  they  undergo  certain  chemical  changes  and  be- 
come converted  into  pigment. 

In  the  pathological  process,  also,  the  pigment  is  derived  from 
the  same  source,  although  its  presence  in  the  tissues  is  rarely 
dependent  upon  any  abnormal  secreting  powers  in  their  cellular 
elements,  but  is  usually  the  result  of  certain  changes  in  the 
circulation  or  in  the  bloodvessels,  owing  to  which  the  coloring 
matter  of  the  blood  escapes  and  infiltrates  the  surrounding 
parts.  This  escape  of  haemoglobin  may  be  owing  to  rupture  of 
the  vessels  themselves,  or  to  conditions  of  congestion  or  stasis 
in  which  the  blood-corpuscles  and  liquor  sanguinis  pass  through 
their  walls.  In  either  case  the  hsemoglobin  will  permeate  the 
tissues  and  ultimately  be  converted  into  pigment.  Rupture  of 
the  vessels  and  the  direct  extravasation  of  blood,  are,  however, 
the  most  common  antecedents  of  the  pigmentary  change.  Soon 
after  the  extravasation  has  taken  place,  the  hsemoglobin  escapes 
from  the  red  blood-corpuscles,  either  by  exudation  or  by  de- 
struction of  the  corpuscle,  and,  mixed  with  the  liquor  sanguinis, 
infiltrates  the  surrounding  tissues.  In  other  cases  the  process 
takes  place  without  any  solution  of  continuity  in  the  walls  of 
the  vessel.  This  frequently  occurs  in  conditions  of  inflamma- 
tory stasis   and  mechanical  congestion,  in  which  the  red  cor- 
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puscles  pass  through  the  walls  of  the  capillaries,  and  some  of 
the  hEemoglobin  is  also  liberated  from  the  corpuscles  within 
the  vessels,  from  which  it  transudes,  dissolved  in  the  liquor 
sanguinis,  without  rupture  having  taken  place.  In  whichever  of 
these  ways  the  hsemoglobin  is  derived,  it  infiltrates  the  tissues, 
staining  both  the  cells  and  the  intercellular  substance  a  yellowish 
or  brownish-red  color.  It  is  taken  up,  however,  more  readily 
by  the  cells  than  by  the  intercellular  substance  or  by  mem- 
branous or  fibrous  structures.  In  addition  to  this  formation  of 
pigment  from  dissolved  haemoglobin,  the  red  corpuscles  them- 
selves may  penetrate  the  adjacent  cells  and  there  become  con- 
verted into  pigment.  Some  of  the  corpuscles  also,  after  their 
escape  from  the  vessels,  may  shrivel  up  and  become  pigment 
granules.  It  is  probable  that  in  some  cases  these  changes  and 
the  subsequent  formation  of  pigment  may  take  place  within  the 
vessels. 

After  the  haemoglobin  has  remained  in  the  tissue  for  some 
length  of  time,  it  undergoes  certain  changes  :  It  becomes  darker 
and  more  or  less  granular,  minute  reddish-brown  or  black  gran- 
ules and  crystals  make  their  appearance  both  in  the  cells  and  in 
the  intercellular  substance,  and  these  may  gradually  increase 
and  form  larger  masses.  This  change  in  the  haemoglobin  is  a 
chemical  one,  and  the  substance  into  which  it  is  converted  is 
hcBmatoidin.  Haematoidin  appears  to  be  closely  allied  to  the 
coloring  matter  of  the  bile,  cholepyrrhin,  which  is  also  a  deriva- 
tive of  haemoglobin.  It  exhibits  similar  reactions  when  treated 
with  concentrated  mineral  acids,  displaying  the  same  variations 
of  green,  blue,  rose,  and  yellow  colors.  It  is  insoluble  in  water, 
alcohol,  ether,  and  in  dilute  mineral  acids  and  alkalies;  it  is 
soluble  in  the  caustic  alkalies,  giving  a  red  color.  It  contains 
more  carbon  than  haemoglobin,  and  it  also  contains  iron. 

The  granules  of  haematoidin  vary  in  size  from  the  smallest 
particles  to  masses  as  large  as  a  red  blood-corpuscle.  (Fig.  24.) 
The  larger  ones  are  round,  or  more  commonly  irregular  in 
shape,  and  have  a  sharply  defined  border..  Their  color  varies 
from  yellow,  red,  and  brown,  to  black.  These  variations  appear 
to  depend  upon  the  age  of  the  granules  and  the  tissue  in  which 
they  are  formed,  the  older  they  are  the  blacker  they  become. 
The  smaller  granules  are  usually  dull  and  opaque;  the  larger 
ones,  however,  often  present  a  more  or  less  glistening  appear- 
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ance.  The  crystals  of  hsematoidin  are  opaque  rhombic  prisms, 
usually  of  a  beautiful  yellowish-red  or  ruby-red  color,  sometimes 
approaching  to  brown  or  black.  They  may  also  occur  as  small 
plates  and  fine  needles,  but  these  are  less  common  forms.  (Fig. 
25.)     They  are  in  most  cases  so  minute  that  considerable  care  is 

JFiG.  24.  Fig.  25. 


Cells  containing  pigment.     From  a  melanotic  Hxmatoidin  crystals. 

sarcoma  of  the  liver.     X  350.  (Virchow.) 

required  to  recognize  their  crystalline  nature  under  the  micro- 
scope, and  they  may  easily  be  overlooked  as  merely  irregular 
granular  masses.  In  some  cases,  however,  they  attain  a  larger 
size.  They  are  more  or  less  transparent,  and  present  a  shining, 
strongly  refracting  surface. 

"Whether  the  haemoglobin  is  converted  into  granular  or  crys- 
talline hsematoidin  appears  partly  to  depend  upon  the  tissue  in 
which  it  is  situated,  the  crystals  being  exceedingly  common  in 
some  situations,  as  in  the  brain  and  ovaries,  whereas  in  others, 
as  mucous  membranes,  only  the  granules  are  met  with.  Both 
the  granules  and  crystals  are  characterized  by  their  durability 
and  by  their  great  powers  of  resistance ;  when  once  formed  they 
undergo  no  further  change. 

Those  forms  of  pigment — both  granular  and  crystalline — 
which  are  of  an  intensely  black  color,  have  been  supposed  to 
consist  of  a  substance  which  differs  in  chemical  composition 
from  hsematoidin,  and  which  has  been  called  melanin.  There 
appears,  however,  to  be  no  foundation  for  such  a  distinction. 
Melanin  is  probably  merely  hsematoidin  which  has  become  more 
or  less  altered  by  age.  It  is  endued  with  greater  powers  of 
resistance,  being  less  readily  soluble  in  reagents  than  the  more 
recently  formed  hsematoidin,  and  it  contains  more  carbon. 

Pigmentation,  although  one  of  the  most  common  forms  of 
degeneration,  is  of  comparatively  little  importance  as  a  morbid 
process.     The  mere  existence  of  pigment  within  and  between 
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the  histological  elements  of  the  tissue,  has  in  itself  but  little 
influence  upon  their  vitality  and  functions.  The  atrophy  and 
impairment  of  function  which  so  frequently  accompany  it  must 
rather  be  looked  upon  as  the  result  of  those  conditions  upon 
which  the  formation  of  the  pigment  depends,  than  as  in  any 
way  owing  to  the  presence  of  tlje  pigment  itself. 

As  evidence  of  other  antecedent  conditions,  pigmentation 
assumes  a  more  important  aspect.  The  pigment  being  derived 
from  extravasated  haemoglobin,  in  whatever  situations  it  occurs, 
it  is  usually  to  be  looked  upon  as  the  result  of  some  alteration  in 
the  circulation  or  in  the  bloodvessels,  owing  to  which  the  escape 
of  the  coloring  matter  is  permitted.  Exceptions  to  this  exist, 
however,  in  the  case  of  certain  pigmented  new  formations,  in 
which  the  presence  of  the  pigment  appears  to  be  mainly  owing 
to  the  selective  power  of  the  cells;  these,  like  those  of  the 
choroid,  separating  the  coloring  matter  from  the  blood.  It  is 
those  growths  which  originate  in  tissues  normally  containing 
pigment,  as  the  choroid  and  rete  mucosum,  which  are  most  fre- 
quently melanotic.  (See  "  Melanotic  Sarcoma.")  In  Melansemia, 
again,  the  large  quantities  of  pigment  which  exist  in  the  blood 
are  probably  the  result  of  a  local  formation — for  the  most  part 
by  the  spleen.  Lastly,  in  Addison's  disease,  the  pathology  of 
the  pigmentation  of  the  skin  is  at  present  involved  in  ob- 
scurity. 

Pigment  is  often  the  only  evidence  of  a  former  extravasation. 
This  is  frequently  the  case  in  cerebral  hemorrhage,  where  the 
crystals  of  hsematoidin  may  be  all  that  remains  to  indicate  that 
rupture  of  the  capillaries  has  taken  place.  In  the  ovaries,  also, 
the  slight  hemorrhage  which  follows  the  escape  of  the  ovum  at 
each  menstrual  period  is  marked  by  the  formation  of  pigment 
which  constitutes  the  "corpus  luteum."  In  mechanical  conges- 
tion and  inflammation,  again,  the  consequent  pigmentation  may 
be  the  principal  evidence  of  the  former  existence  of  these  con- 
ditions :  this  is  especially  seen  in  pigmentation  of  the  mucous 
membrane  of  the  stomach  and  intestines.  The  formation  of 
pigment  is  thus,  with  the  few  exceptions  above  named,  the  result 
of  some  antecedent  change  in  the  bloodvessels  or  circulation; 
and  its  presence  in  the  tissues  appears  to  be  little  more  than  a 
testimony  to  the  existence  of  those  processes  upon  which  its 
formation  depends. 
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False  Pigmentation. — There  are  certain  forms  of  discolora- 
tion of  the  tissues  which  are  not  due  to  the  presence  of  hsema- 
toidin;  these  must  be  distinguished  from  true  pigmentation. 
The  most  important  of  them,  and  that  which  is  most  closely 
allied  to  the  process  already  described,  is  the  staining  of  the 
tissues  with  the  coloring  matter  of  j:he  bile,  which  is  itself  a 
derivative  of  hsemoglobin,  and  is,  as  before  stated,  very  analo- 
gous to  liEematoidin.  This  yellow  staining  may  affect  nearly  all 
the  tissues,  constituting  "jaundice,"  or  it  may  occur  in  the  liver 
alone,  from  local  obstructions  to  the  small  bile-ducts,  as  is  often 
seen  in  cirrhosis  of  that  organ.  In  these  cases,  however,  there 
is  merely  the  staining  of  the  tissues  with  the  coloring  matter  of 
the  bile  and  no  subsequent  conversion  of  this  pigment. 

The  discoloration  caused  by  the  long-continued  use  of  the 
salts  of  silver  must  also  be  distinguished  from  pigmentation; 
the  color  here  is  due  to  the  deposition  of  the  silver  in  the 
tissues.  The  black  color  of  gangrenous  parts,  and  that  some- 
times produced  by  the  effusion  of  large  quantities  of  blood  into 
the  tissues,  must  again  not  be  confounded  with  pigmenta- 
tion. The  discoloration  in  these  cases  is  the  result  of  the  action 
of  sulphuretted  hydrogen  upon  the  coloring  matter  of  the 
blood.  The  greenish-black  discoloration  so  often  seen  on  the 
surface  of  the  liver,  kidneys,  and  other  abdominal  organs  after 
death,  is  in  the  same  manner  due  to  the  intestinal  gases.  Lastly, 
the  minute  particles  of  inhaled  carbon  which  are  always  met 
with  in  the  lungs  must  be  distinguished  from  true  pigment. 

Pigmentation  of  the  Lungs. 

In  no  organ  is  pigment  met  with  so  frequently  and  in  such 
large  quantities  as  in  the  lungs,  and  here  much  discussion  has 
arisen  as  to  its  nature  and  origin.  The  lungs  normally  contain 
more  or  less  black  pigment,  the  amount  of  which  gradually 
increases  with  advancing  age — the  lungs  of  infants  and  young 
children  being  almost  free  from  it,  whereas  those  of  adults 
invariably  contain  it  in  considerable  quantities. 

This  normal  pigmentation  of  the  lungs  is  principally  due  to 
the  presence  of  carbon,  and  not  to  that  of  true  hseraatoidin 
pigment.  The  carbon — which  is  derived  from  the  incomplete 
combustion  of  wood,  coal,  and  other  substances,  and  is  always 
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present  in  varying  quantities  in  the  atmosphere  —  is  inhaled, 
and  the  minute  particles  pass  into  the  finest  bronchial  tubes. 
Having  entered  the  bronchi,  many  of  them  are  taken  up  by  the 
mucus-corpuscles,  v^here  tbey  ma}'-  be  seen  as  small  black  gran- 
ules within  the  cells.  These  may  readily  be  observed  in  the  cells 
of  the  grayish-black  sputum  which  is  so  frequently  expectorated 
in  the  early  morning.  Much  of  the  carbon  thus  inhaled  is  elimi- 
nated by  expectoration;  many  of  the  particles,  however,  pass  into 
the  air-vesicles,  and  here  their  removal  by  this  means  being  less 
readily  effected,  they  gradually  penetrate  the  pulmonary  sub- 
stance, and  make  their  way  into  the  alveolar  walls  and  interlob- 
ular tissue.  It  is  in  these  situations  that  most  of  the  pulmonary 
pigment  is  found,  and  there  it  may  be  seen  either  within  the  con- 
nective-tissue cells,  or  lying  free  amongst  the  fibres.    (Fig.  26.) 

Fig.  26. 


Pigmentation  of  the  lung.  From  a  woman,  set.  sixty-five,  with  slight  emphysema. 
Showing  the  situation  of  the  pigment  in  the  alveolar  walls,  and  around  the  bloodvessel  v. 
X  75. 

The  means  by  which  the  particles  of  carbon  penetrate  the 
walls  of  the  air-vesicles,  and  make  their  way  into  the  inter- 
alveolar  tissue,  has  been  explained  by  the  researches  of  Dr. 
Klein  on  the  histology  of  the  lungs. ^  Dr.  Klein  finds  that  the 
branched  connective-tissue  cells  of  the  alveolar  walls  send  a 
process,  or  a  greater  or  less  portion  of  their  body,  between  the 
epithelial  cells  of  the  alveolus  into  the  alveolar  cavitj^  As  these 
connective-tissue  cells  lie  in  the  serous  canals,  which  constitute 


1  "On  the  Anatomy  of  the  Lymphatic  System  of  the  Lungs,"  by  Dr.  E.  Klein, 
Proceedings  Eoyal  Society,  No.  149,  1874. 
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the  commencement  of  the  perivascular  lymphatics,  it  is  easy  to 
understand  how  these  openings  in  the  alveolar  v^alls  (pseudosto- 
mata)  may  become  sufficiently  distended  to  allow  cells  and  other 
substances  to  pass  through  them  from  the  alveolar  cavity  into 
the  interalveolar  tissue.  When  once  the  carbon  has  made  its 
way  into  the  interlobular  tissue,  some  of  it  is  taken  up  by  the 
fixed  cells  in  this  situation,  whilst  that  which  is  not  thus  detained 
passes  on  to  the  lymphatics,  and  is  deposited  in  the  bronchial 
lymphatic  glands,  where  the  black  particles  are  also  visible. 

Closely  allied  to  this  physiological  pigmentation  of  the  lung 
from  the  inhalation  of  carbon,  are  those  morbid  conditions 
which  result  from  the  inhalation  of  particles  of  coal,  stone,  iron, 
and  other  substances  —  of  which  the  lungs  of  miners,  stone- 
masons, and  grinders  aiFord  frequent  examples.  Here,  also, 
minute  particles  enter  the  bronchi,  penetrate  the  walls  of  the 
alveoli,  and  are  deposited  principally  in  the  interstitial  tissue. 
In  the  case  of  miners — in  which  this  is  most  common — the  par- 
ticles of  coal  enter  the  lungs  in  such  large  quantities  as  to  give 
to  them  a  uniform  black  color.  In  stonemasons,  grinders,  etc., 
the  lungs  also  become  deeply  pigmented,  although  to  a  less  ex- 
tent than  those  of  miners. 

The  black  color  of  the  lungs  in  these  cases,  however,  is  not 
entirely  due  to  the  presence  of  the  inhaled  substances,  but  partly 
to  that  of  true  hsematoidin  pigment.  The  inhalatio.n  of  the  irri- 
tating particles  sets  up  inflammatory  changes  in  the  bronchi  and 
pulmonary  tissues,  causing  chronic  bronchitis,  chronic  catarrhal 
pneumonia,  and  a  large  increase  in  the  fibrous  tissue  of  the 
lungs,  which  thus  ultimately  becomes  consolidated,  excavated, 
tough,  and  fibrous  ("Colliers'"  and  "Knife-grinders'  Phthisis," 
etc.).  Owing  to  these  structural  changes  there  is  a  considerable 
escape  of  coloring  matter,  either  from  rupture  of  the  capillaries 
or  transudation  of  serum,  and  hence  a  large  formation  of  true 
pigment;  and  to  this  true  pigment  much  of  the  dark  color  of 
these  lungs  must  undoubtedly  be  ascribed.  The  lungs  of  stone- 
masons and  grinders  are,  like  those  of  miners,  deeply  pigmented, 
although  to  a  less  degree ;  but  the  black  color  in  the  former 
cases  cannot  be  entirely  accounted  for  on  the  supposition  that  it 
is  due  to  the  presence  of  inhaled  particles. 

Pigmentation  of  the  lungs  from  the  presence  of  hsematoidin 
occurs  as  the  result  of  many  other  morbid  conditions,  many 
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diseases  of  these  organs  being  attended  by  the  formation  of  pig- 
ment.    In  chronic  phthisis,  pigmentation  occurs,  partly  as  the 
result  of  the  inflammatory  process,  and  partly  from  the  obstruc- 
tion of  the  vessels  caused  by  the  new 
growth ;    lines   of   pigment    are    con-  ^^^-  ^^• 


stantly  seen  surrounding  the  nodules 

of  consolidation.     In   acute   croupous 

pneumonia,   the    blood    which   is    ex- 

travasated    into    the    air-vesicles,    and 

which  in  the  early  stages  gives  to  the 

expectoration    a   rusty   or  prune-juice      odis  from  the  sputum  of  acute 

color,  subsequently  becomes  converted  broneMtis.    showing  the  minute 

into  pigment,  and  the  sputum  becomes  granules  of  pigment  within  the 

„  •   1    1  1       1        ,1  •  i  cells.    Some  of  the  cells  also  con- 

of  a  grayish-black;  the  pigment  gran-  tain  a  few  fatty  molecules.  x40o. 
ules  being  visible  in  the  newly  formed 

cells.  The  cells  met  with  in  the  sputum  of  bronchitis  also  con- 
tain granules  of  pigment  (Fig.  27);  and  pigmentation  plays  an 
important  part  in  the  condition  of  the  lungs  known  as  brown 
induration.     (See  "Brown  Induration  of  the  Lungs.") 

Pigment  in  the  lung  usually  occurs  as  black  irregular  gran- 
^ules;  it  is  rarely  met  with  in  a  crystalline  form.  In  all  cases 
in  which  it  is  found  in  any  quantity  in  the  lung  it  is  also  found 
in  the  bronchial  glands.  It  is  taken  up  by  the  lymphatics,  and, 
like  the  inhaled  carbon,  it  becomes  arrested  in  its  passage 
through  these  glands,  where  it  remains  permanently. 


CHAPTER    IX. 

TISSUE-CHANGES    IN    PYREXIA. 

It  is  proposed  in  the  present  chapter  to  allude  very  briefly 
to  those  alterations  in  the  tissues  which  are  met  with  in  certain 
pyrexial  diseases,  to  which  have  been  applied  the  terms  "paren- 
chymatous" or  "granular  degeneration,"  "albuminous  infiltra- 
tion," "acute"  or  "cloudy  swelling." 
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It  is  well  known  that  in  most  diseases  which  are  accompanied 
by  a  considerable  elevation  of  the  bodily  temperature,  and 
especially  in  those  in  which  the  blood  has  undergone  marked 
changes,  the  organs  and  tissues  are  found  much  altered  after 
death.  The  diseases  in  which  such  alterations  are  most  fre- 
quently met  with  are  pyaemia,  erysipelas,  typhus,  typhoid,  and 
other  acute  specific  fevers,  and  acute  rheumatism.  They  also 
occur  in  other  diseases  which  are  attended  by  considerable 
pyrexia,  but  they  are  most  marked  in  the  specific  fevers,  and 
appear  to  depend  more  upon  the  alteration  of  the  blood  in  these 
fevers  than  upon  the  amount  of  elevation  of  the  bodily  tempera- 
ture.    The  organs  in  which  the  alterations  principally  occur  are 

the  liver,  the  kidneys,  the  heart 
^^  ■     ■  and    muscles,    and   the    lungs. 

^'     Sometimes    the     changes     are 

:;  much  more  advanced  in  some 

organs  than  others,  owing  prob- 
v^  "'  ably  to  differences  in  the  local 

,  circulation. 

-^-^  ^^^.-v  The  physical  characters  of  the 

_  altered  organs  vary.  .  It   may, 

however,  be   stated   generally, 

Liici  fiom  a  case  of  acute  rheumatism         j.i      j.  j.i  i 

.,,/,,         /       „,     .      ,,         that  the  organs  are  more  or  less 

loith     high    temperature.      Snowing    the  ts 

swollen    and   granular  condition   of  the         SWOllcU    and  OpaqUC,  SOmewhat 

liver-cells.    In  many  of  the  cells  the       diminished  in  consisteucc,  and 

nucleus   is   so    much   obscured    as   to   be  ,  ^^      n  •    ^  ^  mi 

almost  indistinguishable.    X  200.  abnormally  friable.     Their  vas- 

cularity is  usually  diminished, 
but  in  some  cases  slightly  increased.  When  examined  micro- 
scopically, the  cellular  elements  are  found  to  be  increased  in 
size,  and  their  protoplasm  is  markedly  granular,  so  that  the 
nucleus  is  often  so  much  obscured  as  to  be  indistinguishable. 
(Fig.  28.)  The  granular  condition  of  the  protoplasm  appears 
in  most  cases  to  be  due  to  albuminous  particles,  inasmuch  as  it 
disappears  upon  the  addition  of  dilute  acetic  acid.  In  other 
cases,  however,  in  which  the  change  is  apparently  more  ad- 
vanced, many  of  the  granules  are  larger,  insoluble  in  acetic 
acid,  but  soluble  in  ether,  and  obviously  fatty. 

The  Liver. — Here  the  change  is  usually  met  with  in  its  most 
marked  degree.  The  organ  is  slightly  enlarged,  abnormally 
soft  and  friable,  and  the  cut  surface  has  a  dull,  opaque  look, 


TISSUE-CHANGES    IN    PYREXIA. 


109 


Fig.  29. 


being  paler  than  natural.     The  liver  cells  are  swollen  and  granu- 
lar, and  in  many  cases  contain  fatty  particles,     (See  Fig.  28.) 

The  Kidneys. — In  the  kidneys  the  change  affects  especially  the 
cortex.  This  is  swollen,  opaque,  and  friable.  The  Malpighian 
bodies  and  the  pyramids  are  usually  abnormally  vascular,  and 
thus  contrast  with  the  paie  cortex.  The  epithelium  in  the  tubes 
of  the  cortex  presents  the  appearances  above  described.  These 
are  precisely  similar  to  those  met  with  in  the  earlier  stages  of 
tubal  nephritis. 

The  Heart. — The  alteration  produced  in  the  heart  consists  in 
slight  opacity,  pallor,  and  diminution  in  the  consistence  of  the 
muscular  tissue.  Under  the  microscope  the  muscular  fibres  are 
seen  to  have  lost  their  distinct  striation  and  to  be  finely  granular. 
(Fig.  29.)  Such  a  condition  must  materi- 
ally interfere  with  the  contractile  power 
of  the  organ.  A  similar  change  is  met 
with  less  frequently  in  other  muscles. 

The  Lungs. — The  change  in  the  lungs 
has  been  described  by  Buhl  as  consisting 
in  swelling  of  the  alveolar  epithelium. 
The  epithelial  elements  are  markedly 
granular  from  the  presence  of  albuminous 
and  fatty  particles,  and  they  become 
loosened  from  the  alveolar  walls.  The 
change  affects,  more  or  less,  the  whole 
of  both  lungs.  The  organs  are  enlarged, 
cedematous,  and  abnormally  friable.^ 

This  change  occurs  not  only  in  pyrexia, 
but  also  in  the  earlier  stages  of  the  process  of  inflammation. 
Here  also  a  swollen  and  granular  condition  of  the  protoplasm 
is  met  with,  especially  in  epithelial  and  endothelial  elements. 
It  is  to  this  that  Yirchow  gave  the  name  of  "  cloudy  swelling." 
(See  chapter  on  "Inflammation.") 

Respecting  the  nature  of  the  change — nothing  is  certainly 
known.  Dr.  Wickham  Legg  produced  it  artificially  in  animals 
by  submitting  them  to  a  high  temperature,  and  he,  in  common 
with  some  other  pathologists,  is  inclined  to  look  upon  it  simply 
as  a  result  of  the  high  temperature.     The  probability  that  it 
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is  due  rather  to  specific  alterations  of  the  blood  has  been 
already  alluded  to.  An  exact  knowledge  of  its  pathology,  how- 
ever, must  await  further  experimental  investigation.  In  the 
mean  time,  when  it  is  borne  in  mind  that  the  conditions  in  which 
it  occurs  are  attended  by  alterations  in  the  blood  and  in  the 
nutritive  processes,  and  that  in  advanced  degrees  of  the  change 
it  is  accompanied  by  more  or  less  fatty  metamorphosis,  it  may  be 
regarded  as  probable  that  its  occurrence  will  be  found  to  be  due 
partly  to  interference  with  the  normal  processes  of  tissue  oxida- 
tion, and  partly  to  increased  transformation  of  the  protoplasm 
of  the  cells.  (See  "  General  Pathology  of  Fatty  Degeneration.") 
Whatever  be  the  nature  of  the  change,  there  can  be  no  doubt 
that  it  must  very  materially  interfere  with  function,  and  that  its 
occurrence  in  the  course  of  acute  disease,  especially  when  affect- 
ing the  heart,  constitutes  a  most  important  source  of  danger. 
Although  it  may  lead  to  more  or  less  fatty  degeneration,  it  tends, 
if  death  does  not  supervene,  to  terminate  in  perfect  health. 
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Three  conditions  must  now  be  considered — Hypertro'phy ^  Re- 
generation, and  Tumor -formation^  which  have  this  in  common — 
that  in  each  the  nutritive  change  in  certain  cells  is  so  dis- 
turbed that  formation  exceeds  waste  and  growth  results,  just  as 
in  the  physiological  state.  Pathological  growth  occurs  in  obedi- 
ence to  the  same  laws  as  physiological.  In  hypertrophy  and 
regeneration  the  structure  and  function  of  the  mother-tissue  are 
retained,  and  no  line  can  be  drawn  between  pathological  and 
physiological  tissue-formation;  but  in  tumors  the  disturbance 
results  in  the  formation  of  a  mass  of  new  tissue,  which  fulfils  no 
physiological  purpose,  which  is  always  a  morphological,  and  is 
frequently  a  structural,  variation  from  the  type  of  the  part. 

ISTormal  growth  depends  upon — 1,  the  inherited  tendency  of 
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the  cells  to  grow;  2,  the  supply  of  food;  and,  3,  the  amount  of 
waste.  Pathological  new-growth  is  due  to  abnormality  of  one 
or  more  of  these  factors. 


Hypertrophy. 

Hypertrophy  means  increase  in  size  due  to  enlargement  or 
multiplication  of  the  normal  constituent  elements  of  a  part  or 
tissue,  all  being  afiected  proportionately;  so  that  external  form 
and  minute  structure  are  alike  preserved — e.  g..,  hypertrophied 
heart  from  valve  disease,  or  kidney  after  loss  of  its  fellow.  This 
is  true  hypertrophy,  and  is  accompanied  by  increased  functional 
power.  The  terms /a?se  or  ^56W(io-hypertrophy  indicate  that  the 
enlargement  of  an  organ  or  part  is  due  to  overgrowth  of  one  set 
of  elements,  often  at  the  expense  of  another.  It  is  the  connec- 
tive tissue  which  generally  becomes  excessive,  whilst  the  higher 
tissues  atrophy — e.g.,  pseudo-hypertrophy  of  muscle.  In  these 
cases  functional  power  is  diminished.  Both  true  and  false 
hypertrophy  may  be  extensive,  involving  one  or  more  limbs; 
the  latter,  when  localized,  gives  rise  to  the  "  hyperplastic 
tumors."  Hypertrophy  is  said  to  be  simple  when  due  to  in- 
crease in  size  of  the  elements  of  a  part;  numerical,  when  to 
increase  in  their  number.  The  latter  is  also  called  hyperplasia. 
These  two  forms  are  comparable  to  simple  and  numerical 
atrophy.  In  all  hypertrophies  hyperplasia  is  constant,  and  may 
be  the  sole  cause  of  enlargement;  but  simple  enlargement  of 
cells  may  occur  in  each  tissue,  and  is  frequent  in  muscle  and 
glands.  In  the  great  example  of  physiological  hypertrophy — 
the  gravid  uterus — it  is  very  marked,  some  fibres  reaching  from 
seven  to  eleven  times  their  normal  size. 

The  mode  of  causation  of  hypertrophy  is  in  many  cases  un- 
known. Often  we  cannot  say  whether  a  given  case  is  due  to 
excessive  vital  energy  of  the  cells  of  the  part,  to  the  setting  aside 
for  its  embryonic  rudiment  of  too  large  a  number  of  cells,  to 
diminution  of  the  resistance  to  growth,  to  an  ampler  food-supply, 
or  to  diminished  waste.  The  clearest  cases  are  those  in  which 
there  is  obviously  an  increased  supply  of  food.  For  hypertrophy 
to  occur,  hypersemia  must  be  prolonged  or  frequently  repeated ; 
the  cells  of  the  part  must  possess  ability  to  grow,  for  apparently 
no  hypersemia  would  prevent  a  thymus  from  atrophying,  or  cause 
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hyperplasia  of  adult  ganglion  cells ;  and,  finally,  action  is  neces- 
sary to  active  assimilation  in  the  working  tissues  of  the  body — 
muscle  and  gland  (see  p.  23). 

When  muscle  contracts  frequently  against  an  increased  load, 
it  hypertrophies — as  is  seen  in  training — unless  the  load  is  too 
heavy,  when  atrophy  results.  Frequent  contraction  alone  is 
insufficient,  as  is  shown  by  hands  used  actively,  but  not  forcibly, 
by  hearts  after  years  of  palpitation,  by  bladders  after  the  fre- 
quent micturition  of  pyelitis.  But  insert  an  obstruction  in 
the  circulation,  or  in  the  urinary  passages,  which  the  heart  or 
bladder  can  overcome,  and  hypertrophy  begins.  Examples  of 
these  compensatory  hypertrophies  are  aflforded  by  the  heart  in 
early  stages  of  valve  disease,  the  bladder  in  stricture  of  the 
urethra,  the  intestine  just  above  a  permanent  stricture,  a  vein 
in  aneurismal  varix,  or  any  vessel  through  which  an  abnormal 
quantity  of  blood  is  forced. 

When  an  organ  is  removed,  or  prevented  from  functionating, 
other  organs  which  take  on  its  work  hypertrophy,  receiving  the 
blood  which  should  have  supplied  the  diseased  organ,  as  well  as 
their  own.  This  is  best  seen  in  the  kidney;  rarely  in  the  testis 
and  lung.  Removal  of  one  submaxillary  would  not  cause  hyper- 
trophy of  other  salivary  glands ;  this  would  occur  only  from 
more  frequent  stimulation  of  their  secretory  nerves,  which  prob- 
ably produces  the  large  submaxillary  glands  seen  in  epithelioma 
of  the  tongue.  But  the  kidneys  are  under  nerve-control  to  a 
much  less  extent;  they  seem  to  be  excited  to  secrete  by  the 
presence  in  the  blood  of  material  suitable  for  their  secretion, 
and  hypertrophy  naturally  results  from  continued  greatly  in- 
creased suppl}^  of  blood  containing  excess  of  urea,  etc.  Enlarge- 
ment of  lymphatic  glands  has  been  noted  after  removal  of  the 
spleen.  Increased  weight  thrown  on  a  bone  causes  thickening 
of  it — e.g.,  of  the  fibula  in  ununited  fracture  of  the  tibia. 

Repeated  hypersemia  from  slight  injuries  causes  the  thickened 
epithelium  on  the  laborer's  hand,  and  a  corn  arises  similarly. 
Increased  blood-supply  to  a  limb  may  cause  lengthening  of  a 
bone,  of  which  one  epiphysis  remains  ununited,  as  has  been 
seen  in  large  ulcers,  caries,  necrosis,  etc.  The  soft  parts  increase 
secondarily.  The  hypertrophied  spleen  of  intermittent  fever, 
and  the  thyroid  in  endemic  goitre  (Klebs),  are  due  to  active 
hyperiemia,  perhaps  excited  by  the  presence  of  organisms.     Ex- 
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ophthalmic  goitre  has  been  attributed  to  vaso-motor  paralysis 
from  disease  of  the  ganglia,  but  it  is  doubtful  if  it  would  result 
from  such  a  lesion. 

Diminished  waste  is,  apparently,  not  a  common  cause  of  hyper- 
trophy. The  best  example  is  that  of  the  subinvoluted  uterus, 
the  bulk  of  which  is  made  up  of  hypertrophied  muscle,  and 
connective  tissue  with  thick-walled  vessels.  Hair  and  nails 
uncut,  and  unopposed  teeth  grow  till  their  vessels  supply  only 
nutriment  enough  to  maintain  them  in  their  linally  attained 
condition.  The  sclerosis  of  bone  produced  by  small  doses  of 
phosphorus,  the  increase  in  size  and  strength  of  animals  treated 
with  small  doses  of  arsenic,  and  the  invigorating  effect  of  this 
drug  upon  Styrian  mountaineers,  may  perhaps  be  explained  by 
diminished  waste. 

There  remain  certain  cases  in  which  the  etiology  is  even  more 
doubtful  than  in  the  above.  First,  the  cases  of  true  giant  growth 
— increase  in  length,  rather  than  in  breadth,  being  implied ; 
hypertrophy  of  the  whole  body  (giants);  of  half  the  body  (rare); 
of  whole  limbs,  or  of  parts  of  them,  as  fingers  and  toes.  Such 
parts  are,  on  dissection,  normal,  except  in  size.  Secondly,  cases 
6f  false  giant  growth,  in  which  the  connective  tissue  alone  is  in- 
creased, the  part  being  often  misshapen :  lymphatics  are  often 
dilated,  even  to  cysts,  and  the  bloodvessels  may  be  nsevoid. 
Examples  are  met  with,  especially  in  the  lip  (makro-cheilia), 
tongue  (makro-glossia),  and  lower  extremity.  In  some  of  the 
above,  which  are  congenital  or  appear  soon  after  birth,  there 
may  be  excessive  vital  energy  or  too  large  a  number  of  the  cells  form- 
ing the  rudiment  of  the  part  or  tissue. 

Nothing  is  known  of  the  causation  of  senile  hypertrophy  of 
the  prostate ;  nor  of  the  enormous,  but  rare,  enlargement  of  the 
female  breast  which  occurs  at  puberty. 
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CHAPTER  XI. 


TUMORS. 


The  first  notion  which  the  name  tumor  conveys  is  that  of 
swelling;  but  swelling  may  result  from  various  pathological 
processes,  and  it  is,  consequently,  necessary  to  exclude  such 
swellings  as  do  not  conform  to  the  idea  which  rises  in  the  patho- 
logist's mind  when  a  swelling  is  described  as  a  tumor.  The 
features  of  this  idea  are — a  formation  of  new  tissue  which  is 
abnormal  to  the  part;  which  disturbs  its  form,  and  differs  from 
it  more  or  less  markedly  in  minute  structure;  which  performs 
no  physiological  function ;  and  which  has  not  arisen  from  the 
causes,  or  with  the  course,  of  inflammation. 

That  tumors  are  formations  of  new  tissue  necessitates  the 
rejection  of  all  swellings  due  solely  to  retention  of  secretions 
(retention-cysts),  or  to  extravasation  of  blood  (hsematoma);  true 
hypertrophies  must  be  rejected  because — though  they  cause  an 
increase  in  size — the  shape,  structure,  and  function  are  preserved. 
Finally,  all  inflammatory  swellings,  tumor-like  products  of  infec- 
tive inflammations  (gummata,  tubercle,  farcy-buds,  etc.),  condy- 
lomata, localized  oedemas  and  effusions — such  as  hydrocele — 
must  be  eliminated. 

The  definition  of  a  tumor  as  an  atypical  new-forrnation,  woukl 
separate  the  class  from  retention-  and  extravasation-cysts,  and 
from  true  hypertrophies ;  but  many  an  inflammatory  new-forma- 
tion, as  callus,  or  condyloma,  is  atypical  enough  both  in  form 
and  structure.  Moreover,  there  is  a  whole  group  of  tumors 
(sarcomata)  which  it  is  impossible  to  distinguish  anatomically 
from  the  results  of  inflammation.  It  is,  therefore,  necessary  to 
include  in  a  deflnition  of  tumors  something  which  shall  draw 
the  line  between  them  and  inflammatory  products;  this  will  be 
that  their  causes,  modes  of  origin,  and  often  courses,  are  dif- 
ferent. But  as  scarcely  anything  is  certainly  known  of  the 
causes  of  tumors,  it  is  impossible  to  frame  a  complete,  positive 
definition  of  a  tumor,  which  shall  not  be  disputed  by  many. 
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Development. — A  tumor  consists  of  cells,  formed  by  multi- 
plication of  preexisting  cells,  and  here,  as  elsewhere  in  Nature, 
the  characters  of  the  parent  are  handed  down  to  the  offspring. 
In  other  words,  a  tumor  belongs  histologically  always  to  the 
same  class  of  tissues  as  the  cells  from  which  it  springs  (see  p.  29). 

In  development  and  structure,  the  tumors  resemble  the 
normal  tissues — every  pathological  growth  has  its  physiological 
prototype.  The  resemblance,  however,  is  by  no  means  complete, 
for,  as  indicated  in  the  definition,  they  are  always  more  or  less 
atypical  in  their  structure.  As  a  rule,  the  difference  between  the 
normal  and  abnormal  tissue  is  such  that  with  the  naked  eye  one 
can  tell  roughly  where  the  one  begins  and  the  other  ends. 

The  elements  from  which  tumors  most  frequently  originate 
are  those  belonging  to  the  common  connective  tissue,  and  to  the 
bloodvessels  and  lymphatic  system  with  which  it  is  so  intimately 
associated.  By  common  connective  tissue  is  meant  that  tissue 
which  in  all  parts  surrounds  the  bloodvessels,  and  is  so  univer- 
sally distributed  throughout  the  entire  organism.  This  must  be 
carefully  distinguished  from  the  special  varieties  of  connective 
tissue — tendon,  cartilage,  bone,  etc.  In  this  common  connective 
tissue  we  distinguish  two  kinds  of  cells — the  stable  cells 
(connective-tissue  corpuscles),  and  the  mobile  cells,  which  are 
probably  wandering  white  blood-corpuscles.  These  cells  are  in 
intimate  relation  with  the  endothelium  of  the  lymphatics,  the 
latter  vessels  commencing  as  spaces  which  are  universally  dis- 
tributed in  the  tissue.  Further — both  the  endothelium  of  the 
lymphatics  and  that  of  the  bloodvessels  closely  resemble  in  their 
physiological  functions  the  fixed  cells  of  the  connective  tissue. 

In  the  process  of  development  of  tumors  from  connective 
tissue,  the  parts  played  by  the  two  kinds  of  cells  respectively 
cannot  in  our  present  state  of  knowledge  be  certainly  stated. 
The  first  result  of  their  activity,  however,  is  to  produce  a  new 
tissue,  composed  of  small,  roundish  cells,  from  y^qo"  ^^  tfot  ^^ 
an  inch  in  diameter,  enclosing  a. large  ill-defined  nucleus.  These 
possess  no  limiting  membrane,  but  are  simply  little  masses  of 
amoeboid  protoplasm,  lying  in  a  scanty,  semi-fluid,  and  faintly 
granular  intercellular  material.  This  tissue  is  precisely  similar 
to  embryonic  tissue.  It  would  be  impossible  to  determine  in 
this  early  stage  of  the  growth  what  it  will  ultimately  become — 
whether  a  fibroma,  a  sarcoma,  or  an  enchondroma,  etc.     Ac- 
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cording  to  the  hypothesis  of  Cohnheim  (see  "Etiology"),  the  em- 
bryonic tissue  is  not  derived  from  a  proliferation  of  the  elements 
of  the  mature  connective  tissue,  but  from  embryonic  cells  which 
were  not  utilized  during  the  period  of  physiological  development. 

The  second  stage  of  the  process  consists  in  the  development  of 
this  embryonic  ("indifferent")  tissue  into  the  tissue  of  the  per- 
manent growth,  and  this  subsequent  development  closely  re- 
sembles that  of  the  immature  connective  tissue  of  the  embryo. 
As  from  the  immature  connective  tissue  of  the  embryo  are 
developed  various  connective-tissue  substances — mucous  tissue, 
fibrous  tissue,  cartilage,  bone,  etc. — so  may  this  embryonic  con- 
nective tissue,  which  constitutes  the  earliest  stage  of  so  many  of 
the  pathological  new-formations,  become  developed  into  various 
tissues,  each  of  which  resembles  one  of  the  varieties  of  physio- 
logical connective  tissue.  The  embryonic  tissue  may  undergo 
no  higher  development,  the  cells  remaining  round  or  oval,  and 
the  ground  substance  homogeneous;  or  the  nuclei  of  many  cells 
may  multiply  without  division  of  the  cells,  forming  giant-cells ; 
or  most  of  the  cells  may  lengthen  out  into  spindles,  and  perhaps 
here  and  there  fibrillation,  with  disappearance  of  some  cells, 
may  occur.  We  thus  get  the  round  or  oval-celled,  myeloid,  and 
spindle-celled  sarcoma ;  also  the  fibro-sarcoma.  General  fibril- 
lation with  disappearance  of  most  of  the  cells,  mucous  degenera- 
tion, chondrification  or  ossification  of  the  stroma  may  occur ; 
forming  fibroma,  myxoma,  chondroma,  osteoma;  or  fat  may 
form  in  the  cells — lipoma.  A  combination  of  two  or  more 
kinds  of  structure  may  be  met  with  in  the  same  tumor — as  a 
combination  of  sarcoma  and  lipoma,  of  enchondroma  and 
myxoma,  and  so  on.  What  determines  the  ultimate  develop- 
ment of  the  young  cells,  why  they  produce  such  various  forms 
of  growths,  is  as  far  from  our  knowledge  as  what  determines 
the  ultimate  destination  of  the  cells  in  the  embryo. 

IS'ext  to  connective  tissue,  epithelium, — surface  and  glandular — 
is  the  tissue  from  which  tumors  most  frequently  originate;  and 
as  from  connective  tissue  are  produced  growths  of  the  connec- 
tive-tissue type,  so  growths  originating  from  the  epithelia  pre- 
serve the  epithelial  type.  A  priori,  it  would  be  entirely  contrary 
to  evolution  for  them  to  do  otherwise ;  and  the  great  majority 
of  observers  state,  as  the  result  of  their  observations,  that  epithe- 
lium never  arises  but  from    epithelium.       It  is,  nevertheless, 
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believed  by  some  that  an  epithelium-cell  may  by  mere  contact 
80  influence  a  connective-tissue  cell  that  it  becomes  epithelial, 
or  vice  versa.  This  influence  of  one  cell  upon  another  is  called 
"  spermatic  "  (Creighton).  The  point  has  been  carefully  inves- 
tigated by  Ziegler  with  a  negative  result. 

From  the  remaining  tissues,  muscle  and  nerve,  the  develop- 
ment of  tumors  is  comparatively  rare;  and  in  the  highest  adult 
nerve-tissue  it  is  doubtful  if  formative  processes  ever  occur. 

According  to  the  similarity  or  difl:erence  which  subsists  be- 
tween the  new  growth  and  the  tissue  from  which  it  grows, 
tumors  are  divisible  into  two  classes — homologous  and  heterologous. 
"When  the  tumor  resembles  in  its  structure  and  development 
the  tissue  from  which  it  originates,  it  is  said  to  be  homologous ; 
when  it  differs,  it  is  said  to  be  heterologous.  A  cartilaginous 
tumor,  for  example,  growing  from  cartilage,  is  homologous,  but 
growing  from  any  other  tissue,  as  from  the  parotid  gland,  it  is 
heterologous.  This  distinction  is  probably  superficial — not  real. 
If  it  be  correct  that  tissue-types  "breed  true,"  the  only  even  ap- 
parent heterology  which  we  know  to  occur  is  the  development 
of  the  different  connective  tissues  from  the  same  embryonic 
tissue.  In  the  example  given,  cartilage  does  not  arise  from  the 
essential  epithelial  cells  of  the  parotid,  but  from  the  supporting 
connective  tissue,  or  from  an  aberrant  bit  of  cartilage  from  the 
rudiment  of  the  jaw  (p.  127).  Heterology,  however,  is  not 
limited  to  the  production  of  a  tissue  which  is  dissimilar  to  that 
from  which  it  originates ;  a  tumor  is  said  to  be  heterologous  also 
when  it  differs  from  the  tissue  in  which  it  is  situated,  and  this 
may  occur  without  its  being  the  direct  product  of  the  latter.  It 
is  heterology  in  this  sense  that  is  so  characteristic  of  malignant 
growths.  Cancers,  for  example,  become  heterologous  owing  to 
the  growth  and  extension  of  the  epithelium  beyond  its  normal 
limits  (see  "Epithelioma,"  Fig.  64);  and  the  same  form  of 
heterology  obtains  in  the  case  of  all  growths  originating  from 
elements  which  have  migrated  or  been  carried  from  their 
original  habitat,  and  have  developed  into  a  tissue  differing  from 
that  in  which  they  are  situated. 

Relation  of  the  Tumor  to  the  Surrounding  Tissues. — The 
relation  of  the  tumor  to  the  surrounding  structures  varies.  In 
one  case  the  tumor  is  circumscribed,  merely  displacing  the  sur- 
rounding parts,  stretching  and  irritating  their  connective  tissue; 
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and  this  often  forms  a  fibrous  capsule  around  it,  by  which  it  is 
completely  isolated.  The  lipomata,  fibromata,  and  enchondro- 
mata  are  usually  thus  encapsuled.  In  other  cases  the  growth 
invades  the  adjacent  structures.     (Fig.  30.)     There  is  then  no 

Fig.  30. 


Seirrhus  of  the  mamma.  A  thin  section  from  the  most  external  portion  of  the  tumor. 
Showing  the  invasion  by  small- celled  infiltration  of  the  muscular  fibres  and.  adipose 
tissue  in  the  neighborhood  of  the  gland.     X  200. 

line  of  demarcation  between  the  tumor  and  the  surrounding 
parts;  and  although  to  the  naked  eye  there  may  seem  to  be 
one,  the  microscope  will  show  that  the  apparently  healthy  tissues 
are  infiltrated  with  a  small  round-celled  growth,  into  which  the 
specific  tumor-cells  are  advancing.  The  former  is  probably  the 
result  of  tissue-irritation  set  up  by  the  latter. 

Retrogressive  Changes. — A  tumor  never  actually  disappears, 
and  it  thus  differs  from  an  inflammatory  growth — for  example, 
from  a  syphilitic  gumma.  It  may  remain  stationary,  or  grow 
slowly  or  rapidly,  and  sooner  or  later  it  usually  becomes  the 
seat  of  retrogressive  changes.  The  time  at  which  these  com- 
mence varies.  As  a  rule,  the  permanence  and  durability  of  a 
tumor  bear  an  inverse  relation  to  the  rapidity  of  its  growth, 
and  to  the  inferiority  of  its  organization.  The  more  rapid  the 
growth,  and  the  more  lowly  organized  the  tissue  formed,  the 
less  its  durability  and  the  sooner  do  retrogressive  changes  occur. 
The  carcinomata  and  sarcomata,  for  example,  which  develop 
rapidly,  and  consist  for  the  most  part  of  cells,  quickly  degen- 
erate; their  elements  are  unstable  and  soon  perish.  Osseous 
tumors,  on  the  other  hand,  which  develop  more  slowly,  and 
consist  of  a  more  highly  organized  tissue,  have  a  much  greater 
stability,  and  are  but  little  liable  to  retrogressive  metamorphosis. 

The  retrogressive  changes  are  similar  to  those  met  with  in  the 
physiological  tissues.     Deficient  supply  of  blood  is  followed  by 
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fatty  degeneration  and  its  various  terminations  —  softening, 
caseation,  and  calcification.  Pigmentary,  colloid,  and  mucoid 
degeneration  also  may  occur.  Tumors  may  become  the  seats 
also  of  inflammation,  ulceration,  necrosis,  and  hemorrhage. 

The  nutrition  of  tumors  is  not  regulated  like  that  of  normal 
tissues.  When  the  body  is  getting  thin,  a  fatty  tumor  wastes 
little  or  not  at  all ;  and  malignant  growths  often  grow  luxuri- 
antly when  their  victims  are  greatly  emaciated. 

Clinical  Course.  —  Tumors  are  divided  clinically  into  two 
great  groups,  the  sim.ple  and  malignant.  A  simple  tumor  is  one 
which,  as  a  rule,  grows  slowly  and  steadily,  or,  having  attained 
a  certain  size,  remains  stationary.  It  consists  of  tissue  approxi- 
mating closely  in  structure  to  some  normal  adult  tissue,  and  is 
generally  surrounded  by  a  distinct  capsule,  out  of  which  it  can 
be  completely  shelled — for  there  is  no  infiltration  of  surrounding 
parts.  After  such  removal  it  does  not  recur  locally,  and  second- 
ary growths  in  glands  or  more  distant  parts  do  not  result  from 
it.  It  interferes  with  health  only  mechanically,  unless  some 
accident — as  inflammation — occur  in  it.  Tumors  of  the  adult 
connective -tissue  type  generally  pursue  this  course,  and  may 
reach  a  huge  size. 

A  malignant  growth,  on  the  other  hand,  generally  grows  rapidly 
and  tends  to  enlarge  continuously;  consists  of  tissue  which  is 
markedly  atypical ;  is,  as  a  rule,  surrounded  by  no  capsule, 
but  progressively  infiltrates  the  surrounding  tissues ;  after  appa- 
rently complete  removal  recurs,  and,  whether  removed  or  not, 
secondary  growths  are  common  in  the  nearest  lymphatic  glands, 
or  in  distant  parts,  or  in  both.  Though  the  patient  is  often  in 
excellent  health  at  the  appearance  of  the  tumor,  he  sooner  or 
later  wastes,  loses  strength  rapidly,  and  becomes  very  ansemic 
— cachexia  is  produced.  This  is  due  to  many  causes — e.  g.,  to 
removal  from  normal  tissues  of  nutriment  required  for  the 
active  growth  of  the  tumor-cells;  perhaps  to  the  metabolism  of 
the  latter,  pouring  abnormal  excreta  into  the  blood;  to  pain 
and  anxiety ;  often  to  profuse  discharge  and  septic  absorption 
consequent  upon  ulceration ;  occasionally  to  actual  interference 
with  the  ingestion  and  absorption  of  food.  The  more  rapidly 
and  the  more  completely  a  tumor  produces  these  results,  the 
greater  its  raalignanc3^  Even  growths  of  the  same  class  vary 
much  in  these  respects,  and  dififerent  classes  do  so  still  more. 
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Though  iu  a  high  degree  characteristic  of  cancers,  the  purely 
clinical  term  '■'■  malignanV  must  be  distinguished  from  the  patho- 
logical term  "  cancerous,''  which  implies  a  specific  structure  in 
the  growth  it  refers  to.  Sarcomata  are  often  quite  as  malignant 
as  cancers. 

Recurrmce  and  Generalization.  A  tumor  may  recur  locally  after 
removal;  and  after  or  before  removal,  growths  similar  to  the 
primary  tumor  may  form  in  the  nearest  lymphatic  glands,  or  in 
more  distant  tissues  or  organs.  In  the  highest  degrees  of  malig- 
nancy, all  these  occur.  Each  of  these  must  be  considered 
separately. 

Reproduction  of  the  Tumor  in  Adjacent  Structures.  This  recur- 
rence in  loco  after  removal  is  usually  the  earliest,  and  is  the 
slightest  evidence  of  malignancy.  It  is  due  to  some  of  the 
tumor-cells  having  been  left  behind,  and  is,  therefore,  much  more 
likely  to  occur  in  those  growths  which  infiltrate  the  surrounding 
tissues,  and  really  extend  beyond  their  apparent  limits,  than  in 
those  which  do  not.  The  cells  left  behind  continue  to  grow, 
and  recurrence  occurs.  Cells  may  be  carried  to  some  little 
distance  from  the  primary  growth  by  lymph-  or  blood-currents, 
and,  becoming  impacted,  form  secondary  nodules  around  the 
original  tumor.  In  some  tumors  local  recurrence  occurs  many 
times,  and  often  kills  the  patient  without  affection  of  glands  or 
generalization  (see  "Small  Spindle-celled  Sarcoma"). 

Reproduction  of  the  Tumor  in  the  nearest  Lymphatic  Glands. 
This  is  owing  to  the  entry  into  and  transmission  by  the  lymph- 
stream  of  cells  from  the  malignant  growth,  which  become 
arrested  in  the  nearest  lymphatic  glands,  and  there  develop  into 
secondary  tumors.  These  are  in  all  cases  of  the  same  nature  as 
the  primary  tumor.  When  the  lymphatic  glands  have  them- 
selves developed  into  secondary  growths,  they  in  their  turn  con- 
stitute new  centres  of  infection,  and  may  thus  infect  more  distant 
glands  or  the  immediately  adjacent  tissues.  When  the  lymph- 
sinuses  of  a  gland  are  so  blocked  by  new  growth  that  lymph 
cannot  pass,  a  regurgitant  flow  is  the  natural  result,  and  the 
lymph,  bearing  tumor -cells,  has  to  pass  through  abnormal 
vessels  and  glands.  In  this  way  we  can  account  for  infection, 
say,  of  the  abdominal  glands  by  tumor  of  the  lung,  and  for  the 
numerous  nodules  in  the  skin  which  sometimes  occur  widely  all 
round  atrophic  scirrhus  of  the  mamma.     A  distant  lymphatic 
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gland  may  be  infected  by  embolism  of  its  artery.  The  tendency 
to  reproduction  in  the  lymphatic  glands  varies  very  much  in  the 
different  varieties  of  malignant  growths,  being,  for  example,  very 
marked  in  the  carcinomata,  whereas  in  the  sarcomata  it  is  less 
frequent.  The  reasons  for  these  differences  will  be  seen  in  the 
subsequent  chapters. 

Reproduction  of  the  Tumor  in  Distant  Tissues.  This  is  usually 
the  terminal  process  in  the  history  of  malignant  growths.  The 
reproduction  of  the  malignant  growth  in  distant  tissues  is,  in 
the  great  majority  of  cases,  owing  to  the  entry  of  some  of  its 
elements  into  the  blood-stream.  The  secondary  tumors  are, 
therefore,  the  result  of  embolism  of  tumor-cells ;  and  the  points 
at  which  the  cell-masses  may  be  arrested  are  stated  in  the 
chapter  on  "Embolism."  As  in  the  lymphatic  giands,  they 
are  in  all  cases  of  the  same  nature  as  the  primary  one,  although 
they  are  often  softer,  more  vascular,  more  active  in  growth, 
and  may  be  larger.  They  may  constitute  secondary  centres  of 
infection,  and  in  the  same  way  cause  tertiary  growths  in  parts 
beyond. 

Although  the  general  dissemination  of  a  malignant  growth  is 
thus  in  most  cases  owing  to  the  transmission  of  its  elements  by 
the  blood-stream,  this  is  not  the  only  way  in  which  it  may  be 
brought  about.  Exceptional  cases  have  been  described  in  which 
the  elements  of  a  tumor  have  been  distributed  and  have  caused 
secondary  growths  in  other  ways,  as  by  passing  down  the 
trachea,  travelling  between  the  layers  of  the  peritoneum,  or 
from  the  kidneys  down  the  ureters  to  the  bladder,  etc. 

Lastly,  it  must  be  borne  in  mind  that  growths  may  be  secon- 
dary to  each  other  only  in  time;  being  entirely  independent  of 
each  other,  and  originating  from  different  primary  foci. 

We  have  spoken  of  generalization  and  lymphatic  infection  as 
certainly  due  to  carriage  of  tumor-cells  from  the  primary  growth. 
The  similarity  in  structure  and  the  time-relation  of  primary  and 
secondary  growths,  their  demonstrable  connection  by  vascular 
channels,  and  the  fact  that  the  secondary  growths  often  occur  in 
tissues  in  which  primary  tumors,  of  their  structure,  never  occur, 
prove  the  origin  of  the  secondary  from  the  primary  tumor. 
Some  authorities  think  that  carriage  of  the  juice  and  not  of  the 
cells  of  the  primary  tumor  is  the  cause  of  the  secondary  nodules. 
But  the  localized  action,  the  distribution  of  secondary  growths 
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in  the  next  capillary  area,  and  the  possibility  of  explaining 
exceptions  to  this  rule;  the  occasional  finding  of  tumor-cells  in 
the  blood,  and  more  often  impacted  in  vessels  as  emboli ;  the 
frequent  demonstration  of  tumor  growing  into  veins  and  lym- 
phatics, both  macroscopic  and  microscopic,  so  that  cells  may 
easily  be  swept  off  by,  or  migrate  into,  the  stream ;  and  the  fact 
that  secondary  growths  have  never  been  found  in  cartilage  or 
cornea,  which  are  permeable  to  fluids,  show  that  the  cells  rather 
than  juice  are  the  cause  of  secondary  growths.  Two  views  are 
held  as  to  how  they  produce  this  effect: 

1st.  It  is  said  that  the  cells  impacted  at  a  certain  spot  so  in- 
fluence the  vessel-wall  and  surrounding  tissues  that  their  cells 
multiply  and  produce  a  structure  like  that  of  the  infecting  par- 
ticle. The  ^objection  has  already  been  stated  to  this  spermatic 
influence,  which  would  require  us  to  believe  that  liver-cells,  for 
example,  may  by  their  multiplication  produce,  not  only  epithelial 
cells  like  those  of  scirrhus,  columnar  or  squamous  epithelioma, 
but  connective-tissue  cells  of  all  kinds. 

2d.  The  cells  of  the  secondary  nodule  are  believed  to  be  the 
products  of  the  multiplication  of  the  cells  of  the  tumor-embolus. 
The  question  thus  arises :  Can  a  bit  of  tumor,  thus  cut  off"  from 
its  base,  grow  ?  Artificial  embolism  of  portions  of  fresh  peri- 
osteum has  been  produced  by  Cohnheim  and  Maas,  with  the 
result  that  they  grew  and  produced  cartilage  and  then  bone ; 
but  after  the  fifth  week  all  trace  of  them  had  disappeared.  In 
fact,  they  went  through  the  same  course  as  do  pieces  of  normal 
tissue  or  of  tumor  which  are  placed  in  the  subcutaneous  tissue. 
We  see,  therefore,  that  they  can  grow ;  but  something  in  the 
healthy  tissues  prevents  their  attaining  any  size. 

This  leads  to  a  consideration  of  the  causes  of  maligiiancy. 
Why  do  some  tumors  invade  adjacent  tissues  and  generalize, 
whilst  others  do  not,  even  though  they  grow  as  rapidly  or  more 
so  than  those  which  do  ?  Hitherto  difference  in  structure  has 
been  held  to  explain  the  matter.  The  more  purely  cellular  the 
tumor,  the  richer  it  is  in  bloodvessels,  and  the  less  developed 
their  coats,  the  more  rapid  its  spread,  and  the  earlier  and  more 
certain  its  generalization. 

But  occasionally  we  find  that  a  tumor  which  has  run  a  simple 
course,  and  which  does  not  recur  after  removal,  has  a  structure 
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necessitating  its  being  placed  among  the  sarcomata.  Epulides, 
central  sarcomata  of  bones,  some  sarcomata  of  the  ovary  and 
fasciae  may  grow  to  a  large  size  without  invading  other  tissues 
or  generalizing.  On  the  other  hand,  examples  of  the  generali- 
zation of  many  simple  tumors  have  been  frequently  recorded — 
e.g.,  chondroma,  myxo-lipoma,  even  fibroma;  also  adenomata 
of  the  ovary  and  thyroid.  It  is  true  that  connective-tissue 
growths  do  generally  contain  a  preponderance  of  round  cells 
before  they  generalize;  but  in  some  cases  the  structure  of  the 
secondary  growths  is  that  of  the  primary,  and  is  such  as  is 
usually  seen  in  specimens  which  show  no  malignancy.  Cohn- 
heim  thinks,  therefore,  that  the  essential  factor  in  "  malignancy" 
is  not  a  certain  structure  on  the  part  of  the  tumor;  but  rather 
some  change  in  the  surrounding  tissues  which  renders  them 
unable  to  resist  invasion.  For,  from  the  way  in  which  physio- 
logical tissues  lie  side  ty  side,  never  invading  each  other's  pre- 
cincts, though  one  or  both  may  be  growing  actively,  it  is  evident 
that  each  tissue  possesses  a  power  which  opposes  infiltration  by 
any  other  tissue ;  this  power  Cohnheim  calls  "  physiological  re- 
sistance." Its  existence  is  further  shown  by  the  experiments  of 
Cohnheim  and  Maas  alluded  to  above;  which  prove  that  bits  of 
malignant  growths  or  normal  tissues  transplanted  into  the  tissues 
of  a  normal  animal,  may  become  vascularized  and  grow;  but 
that  they  will  shortly  after  disappear — the  healthy  tissues  get 
the  upper  hand.  To  permit  the  infiltration  of  one  tissue  by  the 
elements  of  another,  the  physiological  resistance  of  the  former 
must  be  reduced.  This  may  be  affected  by  (1)  Injlammatmi,  and 
therefore  by  injury:  in  chronic  inflammation  of  epithelium- 
covered  membranes  (cirrhosis  of  liver,  interstitial  pneumonia, 
etc.),  masses  of  epithelium  are  found  in  the  infiltrated  connec- 
tive tissue  (Friedlander).  (2)  Age :  Thiersch  showed  that  con- 
nective tissues  atrophy  after  mid-life  from  diminished  vital 
activity;  probably  diminished  physiological  resistance  accom- 
panies this,  and  thus  the  more  active  surface-epithelium  is 
enabled  to  invade  the  sublying  cutis.  This  he  regarded  as 
essential  to  the  growth  of  an  epithelioma.  (3)  Heredity:  heredi- 
tary weakness  on  the  part  of  the  tissue  surrounding  a  tumor- 
germ  must  be  assumed  in  young  people,  in  whom  neither  injury 
nor  age  can  be  regarded  as  a  cause  of  diminished  physiological 


124  TUMORS. 

resistance.  But  even  if  no  tumor  can  infiltrate  in  the  absence 
of  this  change  in  the  adjacent  tissues,  the  structure  of  the  growth 
probably  has  a  marked  influence  upon  its  malignancy.  Tumors 
which  have  great  power  of  growth,  the  cells  of  which  are 
loosely  held  together  and  actually  lie  in  lymph-spaces,  and  the 
bloodvessels  of  which  are  numerous  and  thin-walled,  must 
generalize  more  readily,  when  this  is  possible,  than  tumors  in 
which  opposite  conditions  obtain. 

Etiology. — Nothing  is  really  known  on  this  point.  We  have 
to  account  for  the  presence  in  some  tissue  of  cells  which  have  an 
ability  to  grow  more  or  less  in  excess  of  that  possessed  by  the 
normal  cells  of  that  tissue.  Increased /ood'-SMpp^?/  will  of  course 
be  required,  but  this  is  of  secondary  importance;  as  also  are  the 
surrounding  physical  conditions,  which  may  be  favorable  or  un- 
favorable. 

At  first,  all  tumors  appear  to  be  local,  and  local  causes  have 
consequently  been  sought.  A  causal  relation  seems  in  some 
cases  to  exist  between  injury  or  irritation  and  the  formation  of  a 
tumor.  But  we  know  that  the  effects  of  these  influences  on 
normal  tissues  are  inflammation  and  hyperplasia,  and  that  they 
produce  these  effects  even  in  those  who  are  the  subjects  of 
tumors.  Further,  a  history  of  injury  cannot  be  obtained  in 
fifteen  per  cent,  of  the  cases;  and  the  injuries  followed  by  tumors 
must  constitute  a  very  small  proportion  of  the  total  number  of 
injuries.  Still,  it  is  probable  that  injury,  by  producing  hyper- 
semia  and  inflammation,  may  bring  extra  food  to  cells  ready  to 
grow,  and  may  diminish  the  physiological  resistance  of  the  tis- 
sues round  them.  Irritation  certainly  seems  to  have  a  powerful 
effect  in  certain  epitheliomata;  as  of  the  scrotum  in  sweeps,  of 
old  scars,  and  in  rodent  ulcers;  but  for  the  vast  majority  of 
cases  no  local  cause  can  be  found. 

The  cachexia  produced  by  malignant  growths,  their  very  fre- 
quent recurrence,  their  multiplicity,  and  their  hereditariness  — 
all  pointing  to  a  deep  affection  of  the  whole  organism,  as  it  was 
thought — gave  rise  to  the  belief  that  they  were  of  constitutional 
origin.  This  is  a  bad  term,  for  it  may  mean  ^'general,"  and  refer 
to  the  constitution  of  the  whole  organism ;  or  it  may  refer  to 
the  constitution  of  certain  cells,  and  have  a  local  significance. 
We  shall,  therefore,  use  the  word  general.     Now,  we  already 
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know  how  to  explain  cachexia,  local  recurrence,  and  multiplicity 
as  results  of  a  growth  of  the  tumor,  which  was  produced  by 
multiplication  of  a  few  abnormal  cells — i.  e.,  by  a  local  abnor- 
mality. There  is,  therefore,  no  need  on  these  grounds  to  con- 
sider that  the  physiological  processes  of  all  the  cells  of  the 
organism  are  abnormal  and  tend  to  produce  cancer;  or  that 
removal  of  the  primary  growth  would  be  useless,  because  con- 
tinuance of  the  general  abnormality  would  reproduce  the  disease 
elsewhere.  Nor  does  heredity  lead  to  this  conclusion ;  for  the 
whole  of  normal  development  is  nothing  but  the  transmission  of 
local  peculiarities;  and,  moreover,  heredity  is  at  least  as  marked 
in  multiple  simple  growths — fibromata,  warts,  lipomata,  osteo- 
mata — as  it  is  in  cancers.  It  is  probable  that  all  tumors  are  at 
first  locals  and  that  certain  of  them  become  malignant,  as  above 
explained ;  also,  that  any  inherited  peculiarity  which  results  in 
abnormal  growth  at  a  certain  time,  affects  only  a  few  cells,  or  it 
may  be  many  foci  of  cells  in  one  tissue,  and  not  the  organism  at 
large.  It  is  obvious,  however,  that  neither  the  constitutional 
nor  the  local  view  makes  any  pretence  at  explaining  how  the 
abnormal  ability  to  grow  is  acquired  by  the  cells  which  give 
origin  to  the  tumor.  Cohnheim  has  advanced  a  hypothesis, 
which,  if  true,  certainly  goes  a  step  closer.  It  may  be  called 
the  hypothesis  of  Emhryonic  Eemains. 

Thinking  over  the  hypertrophies,  the  excessive  formations 
(supernumerary  digits  and  more  marked  examples  of  monster 
by  excess),  the  teratomata  and  other  congenital  tumors,  all  of 
which  are  admitted  to  be  due  to  an  embryonic  cause,  many  of 
which  are  hereditary,  and  some  of  which  (see  "Hypertrophy")  do 
not  appear  for  some  years  after  birth,  it  occurred  to  Cohnheim 
that  all  tumors  might  be  due  to  developmental  faults.  He  sup- 
poses that  more  cells  than  are  needed  for  a  part  are  produced ; 
the  surplus  remain  in  an  embryonic  state  in  one  spot  or  scattered 
over  a  whole  tissue.  The  causes  of  this  error,  and  the  reason 
why  the  cells  do  not  develop  like  their  confreres  and  simply  en- 
large the  part,  are  not  known.  We  know  little  of  such  collec- 
tions of  "resting"  embryonic  cells,  perhaps  because  of  their 
small  size  and  resemblance  to  leucocytes.  Small  nsevoid  spots 
may  enlarge  greatly  after  birth ;  congenital  moles,  which  have 
the  structure  of  alveolar  sarcomata,  may  latter  on  become  malig- 
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nant,  and  islets  of  cartilage  from  which  tumors  may  start  have 
been  shown  by  Yirchow  to  occur  in  the  shafts  of  long  bones. 
Perhaps  these  may  be  regarded  as  embryonic  remains. 

Assuming  that  such  embryonic  foci  may  remain  among  adult 
tissues,  Cohnheim  found  that  his  view  accorded  well  with  facts 
observed.  There  would  be  no  difficulty  about  the  reversion  of 
adult  cells  to  the  embryonic  type;  they  would  start  with  their 
full  developmental  force.  Reasons  for  believing  in  the  unde- 
veloped nature  of  the  rudiment  are — that  power  of  growth  is  at 
its  greatest  in  the  cells  of  the  embryo,  as  is  shown  by  the  fact 
that  embryonic  cartilage,  transplanted  to  the  anterior  chamber 
of  the  eye,  grows  into  a  regular  chondroma  (Leopold),  whilst 
adult  cartilage  is  absorbed ;  that  many  tumors  are  obviously  dis- 
tinct from  the  part  in  which  they  lie — e.  g.,  adenoma  of  mamma 
is  encapsuled,  and  its  ducts  do  not  open  into  those  of  the  normal 
gland;  and  that  tumors  are  not  subject  to  that  regulating  mech- 
anism which  renders  the  metabolism  of  each  tissue  subservient 
to  the  good  of  the  tissues  generally. 

A  large  proportion  of  all  tumors  occur  at  points  at  which  the 
developmental  processes  are  complicated,  and  where,  therefore, 
errors  are  most  likely  to  occur.  This  is  shown  by  the  frequency 
with  which  epithelioma  affects  the  openings  on  the  surface  of 
the  body;  the  oesophagus  where  crossed  by  the  left  bronchus 
(the  food  and  air-passage  were  originally  one  here) ;  the  cardia, 
pylorus,  and  commencement  of  the  pyloric  portion  of  the 
stomach,  where  change  of  epithelium  occurs;  the  line  of  union 
of  the  invaginated  epiblast  and  the  hind-gut  in  the  rectum  ;  the 
external  os  uteri,  where  Miiller's  ducts  opened  into  the  uro- 
genital sinus.  Adenomyomata  pf  the  prostate  occur  at  the  same 
spot  in  the  male.  Smooth  myomata  occur  almost  exclusively 
in  the  uterus.  The  whole  uterus  is  made  up  of  foci  of  cells 
awaiting  the  stimulus  of  impregnation  to  great  development. 
A  typical  development  of  one  focus  may  occur  without  the 
usual  stimulus,  and  perhaps  we  should  rather  expect  this  when 
pregnancy  has  been  absent  or  infrequent.  Myomata  are  com- 
monest in  elderly  sterile  women.  Adenomata  of  the  mammpe 
may  be  similarly  explained. 

Heterologous  tumors  are  always  so  placed  that  it  is  possible 
to  see  how,  by  developmental  error,  some  cells  which   would 
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naturally  give  rise  to  the  heterologous  tissue  might  have  been 
included  in  the  tumor-germ.  Thus  dermoids  occur  near  where 
invaginations  of  epiblast  are  normal.  Muscle  may  easily  get 
into  the  Wolffian  bodies  from  neighboring  muscle  plates,  and 
cartilage  from  the  rudiments  of  vertebrse,  etc. 

Finally,  from  so  atypical  a  rudiment,  an  atypical  result  would 
be  expected. 

Against  Cohnheim's  view,  it  may  be  said  that  nothing  is  really 
known  of  such  embryonic  remains ;  that  many  of  the  points  of 
complicated  development  which  he  mentions  are  also  points  of 
irritation — e.g.,  the  narrowings  of  the  alimentary  canal;  and 
that  he  is  obliged  to  exclude  from  his  class  of  tumors  such  cases 
as  epithelioma  of  scars,  of  the  scrotum  in  sweeps,  of  the  arm  in 
paraffin-workers,  in  which  irritation  plays  so  obvious  a  part. 

The  exciting  effisct  of  increased  blood-supply  is  evident  in  many 
cases — e.g.,  enlargement  of  ovarian  dermoids  at  puberty,  of 
tumors  of  the  breast,  ovaries,  and  uterus  in  pregnancy.  This 
may  cause  the  multiplication  of  cells  capable  of  growth ;  and 
thus  is  to  be  explained  the  apparent  causation  of  tumors  by 
injuries. 

'  Classification. — Tumors  having  the  most  obviously  similar 
structure  vary  much  in  their  clinical  history,  whilst  others  of 
radically  different  structure  have  very  similar  physical  signs 
and  courses.  Consequently  a  clinical  classification  cannot  be 
constructed,  and  we  are  obliged  to  fall  back  upon  a  histological 
classification  based  upon  the  resemblance  of  every  tumor  to 
some  normal  tissue,  adult  or  embryonic. 

For  convenience'  sake,  all  cysts  will  be  grouped  together,  and 
remarks  on  them  made  at  the  conclusion  of  the  consideration  of 
tumors — though  the  great  majority  of  cysts  are  not  tumors. 
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Classification  of  Tumors. 

I'      I.   Type  of  Fully  Developed  Connective  Tissues. 


Tj'pe  of  fibrous  tissue 
mucous  tissue 
adipose  tissue 
cartilage  . 
bone 

lymphoid  tissue 


II.   Type  of  Embryonic  Connective  Tissue. 

The  varieties  of  Sarcoma. 

III.   Type  of  Higher  Tissues. 

Type  of  muscle 

"      nerve       ..... 
"      bloodvessels     .... 


Fibroma. 

Myxoma. 

Lipoma. 

Chondroma. 

Osteoma, 
f  Lymphoma. 
I  LymphangiomE 


Myoma. 

Neuroma. 

Angioma 


IV.   Type  of  Epithelial  Issues. 

Epiblast    ^         ■       Papillae  of  skin  or  mucous  membrane      Papilloma. 
r        .       Glands | 


and 
Hypoblast. 


Adenoma. 
Carcinoma. 


Y.    Teratomata,  or  Mixed  Tumors. 


CHAPTER  XII. 


THE    FIBROMATA. 

The  Fibromata,  fibro-cellular  or  connective-tissue  tumors,  are 
tumors  consisting  of  fibrous  tissue. 

Structure. — In  structure  the  fibromata  present  the  same 
variations  as  those  met  with  in  fibrous  tissue.  Some  of  them 
are  composed  of  firm,  dense  fibrous  tissue,  such  as  constitutes 
tendons;  others  are  laxer  and  less  fibrous  in  consistence,  more 
resembling  the  connective  tissue  of  the  cutis.  The  fibres,  which 
constitute  the  chief  part  of  the  growth,  are  more  or  less  closely 
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interlaced,  and  are  distributed  without  any  definite  arrange- 
ment, or  grouped  in  bundles  of  various  sizes.  They  are  some- 
times arranged  concentrically  around  the  bloodvessels.  (Fig.  31.) 

Fig.  31. 


>i 

Section  of  a  fibrous  tumor  from  the  skin.     In  the  neighborhood  of  the  cut  bloodvessel  v 
are  seen  some  cells;  also  fibres  cut  transversely.     X  200  and  reduced  i. 

Yellow  elastic  fibres  are  but  very  rarely  met  with.  The  cells, 
like  those  of  normal  fibrous  tissue,  are  generally  few  in  number, 
and  are  usually  most  abundant  around  the  vessels.  They  are 
minute,  spindle-shaped,  fusiform,  or  stellate  bodies,  the  latter 
having  processes  of  varying  length,  which  communicate  with 
similar  processes  from  neighboring  cells.  They  are  often  so 
small  and  indistinct  in  the  fresh  specimen  as  to  become  visible 
only  after  the  addition  of  dilute  acetic  acid.  These  cells,  in  size 
and  number,  vary  with  the  rapidity  of  growth — the  slower  the 
growth  and  the  more  fibrous  the  tissue,  the  flatter  and  less 
numerous  are  the  cells. 

The  fibromata  usually  contain  but  few  bloodvessels.  In  the 
softer  growths,  however,  these  are  often  more  numerous.  Di- 
lated veins  sometimes  form  a  cavernous  network,  the  walls  of 
which  are  firmly  united  to  the  tissue  of  the  tumor,  so  that  when 
divided  or  ruptured  they  are  unable  to  retract  or  collapse,  and 
profuse  hemorrhage  may  ensue. 

Development. — The  fibromata  originate  from  connective 
tissue,  either  from  the  cutis  or  subcutaneous  connective  tissue, 
from  the  submucous  or  subserous  tissue,  from  fasciae,  the  peri- 
osteum, the  neurilemma,  or  from  the  connective  tissue  of  organs. 
In  the  earliest  stages  of  their  growth  the  cells  are  more  numer- 
ous than  when  development  is  complete. 
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Secondary  Changes. — Of  these,  partial  mucoid  softening  and 
calcitication  are  the  most  common.  Ulceration  also  sometimes 
occurs  in  those  growths  which  are  situated  in  the  skin  and 
submucous  tissues. 

Varieties. — Fibrous  tumors  present  some  variations  in  their 
characters,  which  depend  for  the  most  part  upon  the  tissue  from 
which  they  grow.     Two  classes  may  be  distinguished : 

1.  Soft  Fibromata.  These  consist  of  the  looser  and  less  dense 
form  of  fibrous  tissue.  They  are  met  with  as  diffused  growths 
in  the  subcutaneous  and  submucous  tissue.  In  the  former 
situation  they  often  form  large  pedunculated  and  non-encapsuled 
tumors,  which  are  commonly  known  as  loens.  These  are  some- 
times multiple.  A  similar  growth  of  subcutaneous  tissue  is 
met  with  in  Molluscum  Fibrosum.  In  this  disease  the  large 
masses  which  hang  down  from  the  thighs,  buttocks,  and  other 
situations,  consist  simply  of  loose  fibrous  tissue.  They  often 
contain  numerous  large  bloodvessels,  so  that  their  removal  may 
lead  to  dangerous  hemorrhage. 

In  addition  to  these  diffused  growths,  more  circumscribed  and 
encapsuled  fibrous  tumors  of  the  soft  variety  are  occasionally  met 
with  growing  from  the  scalp,  scrotum,  labium,  intermuscular 
septa,  and  other  situations. 

2.  Firm  Fibromata.  These  are  composed  of  dense  fibrous 
tissue,  like  that  in  tendons.  They  are  firm,  hard,  encapsuled 
tumors,  presenting  on  section  a  grayish-white,  glistening,  fibrous 
appearance.  These  tumors  often  occur  in  connection  with  bone, 
especially  with  the  upper  and  lower  jaws,  originating  either  in 
the  centre  of  the  bone,  or  from  the  periosteum.  Growing  from 
the  periosteum  of  the  alveolus  they  constitute  simple  fibrous 
epulis.  They  are  met  with  also  in  the  nose,  where  they  form 
one  variety  of  nasal  polypus.  It  is  in  these  firm  fibrous  growths 
that  the  veins  form  the  cavernous  spaces  already  alluded  to. 

Another  variety  of  firm  fibrous  tumor  grows  in  connection 
with  nerves,  and  is  often  described  as  neuroma.  True  neuro- 
mata, however — i.  e.,  new  formations  of  nerve-tissue — are  among 
the  rarest  forms  of  new  formations.  These  fibrous  growths 
most  frequently  occur  in  connection  with  the  superficial  nerves. 
They  grow  from  the  neurilemma,  and  as  they  increase  in  size 
the  nerve-fibres  become  expanded  over  them.  They  are  very 
firm  rounded  tumors,  and  are  frequently  multiple  and  hereditary. 
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Some  old  tumors  of  the  uterus  are  almost  or  quite  pure  fibro- 
mata ;  but  the  so-called  uterine  fibroids  are  in  most  cases  over- 
growths of  the  involuntary  muscular  tissue  of  the  organ,  and 
will,  therefore,  be  considered  with  the  Myomata. 

Clinical  Characters. — Clinically  the  fibromata  are  perfectly 
innocent.  They  grow  slowly,  and  have  no  tendency  to  recur 
locally  after  removal. 

Psammoma. 

This  is  perhaps  the  best  place  to  allude  to  a  rare  form  of 
growth  occasionally  met  with  in  the  brain  and  its  membranes, 
which  is  known  as  Psammoma.  The  most  characteristic  feature 
of  this  growth  is  that  it  consists  largely  of  calcareous  particles. 
These  are  contained  in  the  concentric  bodies  already  described 
as  the  corpora  amylacese,  where  they  give  rise  to  the  so-called 
"  brain-sand  " — hence  the  name  of  the  growth.  The  calcified 
corpora  amylacese  are  held  together  by  a  varying  quantity  of 
loose  fibrous,  or  highly  cellular,  or  mucous  tissue  containing 
vessels. 

Psammoma  is  usually  met  with  growing  from  the  pineal 
gland,  the  membranes  of  the  brain,  or  the  choroid  plexus.  In 
the  latter  situation  it  often  contains  numerous  cysts.  It  is  of  no 
pathological  importance  except  when  of  sufficiently  large  size  to 
produce  symptoms  from  pressure. 


CHAPTER   XIII. 


THE    MYXOMATA. 


The  Myxomata  are  tumors  consisting  of  mucous  tissue. 
Mucous  tissue  is  connective  tissue,  of  which  the  intercellular 
substance  is  translucent,  homogeneous,  and  jelly-like,  contains 
much  fluid,  and  yields  mucin.  Physiologically,  this  tissue  is 
met  with  in  two  forms — one,  as  in  the  vitreous  body  of  the  eye, 
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Fig.  32. 


in  which,  the  cells  are  roundish  and  isolated ;  the  other,  as  in 
the  umbilical  cord,  in  which  the  cells  are  fusiform  or  stellate, 
and  give  off  fine  prolongations,  which  anastomose  with  one  an- 
other. The  connective  tissues  in  their  embryonic  condition,  as 
stated  when  describing  "mucoid  degeneration,"  possess  an  inter- 
cellular substance  containing  large  quantities  of  mucin.  This  is 
especially  the  case  with  the  tissue  which  subsequently  becomes 
adipose,  l^ew  formations  may  undergo  a  mucoid  change,  and 
thus  closely  resemble  in  their  physical  and  chemical  characters 
the  myxoraata;  but  a  myxoma  consists  of  mucous  tissue  from  the 
first.  The  myxomata  are  thus  very  closely  allied  to  the  sarcomata, 
and  by  many  are  included  in  the  same  class  of  new  formations. 
Structure. — The  cells  present  the  two  varieties  met  with  in 
the  physiological  tissues.  The  ma- 
jority are  angular  and  stellate,  with 
long  anastomosing  prolongations; 
others  are  isolated,  and  fusiform, 
oval,  or  spherical  in  shape.  (Fig. 
32.)  They  usually  possess  one,  in 
some  cases  two,  distinct  nuclei. 
Their  contour  is  very  indistinct, 
owing  to  the  refracting  nature  of 
the  intercellular  substance.  The 
latter  is  very  abundant,  perfectly 
homogeneous,  of  a  soft,  gelatini- 
form,  viscid  consistence,  and  yields 
large  quantities  of  mucin;  in  it  are 
a  varying  number  of  amoeboid 
cells.  The  bloodvessels,  which  are 
not  numerous,  are  readily  visible  and  easily  isolated.  A  few 
elastic  fibres  are  sometimes  seen  between  the  cells. 

Pevelopment. — The  myxomata  alvA^ays  originate  from  embry- 
onic connective  tissue,  which  does  not  advance  beyond  the 
mucous  stage  of  normal  development.  Adipose  tissue  is  their 
favorite  seat. 

Secondary  Changes. — Of  these  the  more  common  are  rupture 
of  the  capillaries,  hemorrhage,  and  the  formation  of  sanguineous 
cysts ;  these,  however,  are  less  frequent  than  in  the  sarcomata. 
The  cells  themselves  may  undergo  mucoid  or  fatty  degenera- 
tion, and  thus  be  destroyed :    this  is    usually  accompanied  by 


Myxoma.  A  minute  piece  of  a 
myxoma  of  the  arm,  showing  the 
characteristic  branched  anastomosing 
cells.  There  are  also  a  few  leucocytes, 
and  one  or  two  spindle-shaped  ele- 
ments.    X  200. 
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liquefaction  of  the  intei'cellular  substance.  The  growtli  may 
inflame,  ulcerate,  and  necrose. 

Varieties. — The  varieties  of  myxoma  depend  principally  upon 
its  combination  with  other  growths ;  a  pure  myxoma  is  unusual. 
The  most  common  is  a  combination  with  lipoma.  Combina- 
tions also  with  sarcoma,  fibroma,  chondroma,  and  adenoma,  are 
met  with. 

Physical  Characters,  etc. — The  myxomata  are  of  a  peculiar 
soft  gelatiniform  consistence,  and  of  a  pale  grayish  or  reddish- 
white  color.  The  cut  surface  yields  a  tenacious,  mucilaginous 
liquid,  in  which  may  be  seen  the  cellular  elements  of  the  growth. 
They  are  usually  separated  from  the  surrounding  structures  by 
a  very  thin  fibrous  capsule,  fine  prolongations  from  which  divide 
the  growth  into  lobules  of  various  sizes.  In  exceptional  cases 
they  may  increase  by  the  continuous  invasion  of  surrounding 
tissues.  They  are  most  frequently  met  with  in  the  later  periods 
of  life,  and  are  most  common  in  subcutaneous  and  subserous  fat, 
submucous  and  intermuscular  tissue.  They  grow  also  from 
periosteum  and  medulla  of  bone,  from  the  connective  tissue  of 
organs  (especially  the  breast),  and  from  the  perineurium  of 
nerves,  forming  one  variety  of  "  neuroma."  They  may  grow 
also  from  the  placenta,  constituting  the  "  uterine  hydatids." 
When  situated  in  superficial  parts  thej'  may  become  peduncu- 
lated ;  in  the  submucous  tissue  of  the  nose  they  constitute  one 
form  of  nasal  polypus.     In  the  skin  they  are  often  papillary. 

Clinical  Characters. — Clinically  the  myxomata  are,  for  the 
most  part,  benign  growths.  Their  growth  is  usually  slow,  but 
they  may  attain  an  enormous  size.  If  completely  removed,  they 
rarely  recur.  Sometimes,  however,  they  recur  locally  after 
removal,  but  they  probably  never  reproduce  themselves  in 
internal  organs.  In  speaking  of  their  malignancy,  their  occa- 
sional association  with  sarcoma  must  be  borne  in  mind. 
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CHAPTER  XIY. 


THE    LIPOMATA. 


Fig.  33. 


A  GENERAL  DGw  formation  of  adipose  tissue,  constituting 
obesity,  has  already  been  described  under  "  fatty  infiltration." 
A  localized  and  circumscribed  formation  constitutes  a  lipoma, 
or  fatty  tumor. 

Structure. — The  lipomata  resemble  in  their  structure  adipose 
tissue.  (Fig.  33.)  They  consist  of  cells  containing  fat,  and  a 
variable  quantity  of  common  connec- 
tive tissue.  The  cells  are  like  those  of 
adipose  tissue,  though  usually  some- 
v^hat  larger.  The  nucleus  and  proto- 
plasm are  so  compressed  against  the 
cell-wall  by  the  fluid  contents,  that 
they  are  readily  visible  only  when  the 
cell  is  atrophied  and  contains  less  fat. 
(See  Fig.  4a.)  Connective  tissue,  which, 
varying  much  in  amount,  unites  the 
cells  in  masses  or  lobules  which  are 
larger  than  normal,  forms  in  most  cases 
around  the  tumor  a  thin  capsule  which 
adheres  more  firmly  to  surrounding  parts  than  to  the  tumor;  so 
the  latter,  in  most  cases,  "  shells  out"  easily.  Bloodvessels  are 
distributed  in  the  fibrous  septa.  Mucous  tissue  is  often  associ- 
ated with  the  fatty  (myxo-lipoma). 

Development. — The  lipomata  grow  from  connective  tissue. 
Adipose  tissue,  it  must  be  remembered,  is  merely  connective 
tissue  containing  numerous  cells  which  are  infiltrated  with  fat ; 
and  its  growth  consists,  either  in  the  infiltration  of  more  of 
these  cells,  or  in  a  proliferation  of  the  cells,  and  an  accumula- 
tion of  fat  in  those  newly  developed.  A  lipoma  in  the  same 
way  originates  by  a  localized  proliferation  of  cells,  which,  as 
they  are  produced,  become  infiltrated  with  fat.  The  growth  of 
these  tumors  is  always  very  slow. 


Liooma.  Some  of  the  cells 
contain  crystallized  fatty  acids. 
X  200. 
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Secondary  Changes, — Secondary  changes  in  the  lipomata 
are  not  common ;  their  fibrous  septa  may,  however,  become 
calcified,  or  even  ossified.  Softening  may  occur  also  from  a 
mucoid  change.  Inflammation  is  rare;  but  when  large,  and 
situated  in  the  subcutaneous  tissue,  the  skin  over  them  may 
become  adherent,  and  ulceration  and  necrosis  of  the  tumor 
occur. 

Physical  Characters,  etc, — The  situation  of  the  lipomata  is 
almost  coextensive  with  that  of  adipose  and  connective  tissue. 
They  occur  most  frequently  in  the  subcutaneous  tissue  of  the 
trunk,  especially  of  the  back  and  abdominal  wall ;  sometimes 
in  intermuscular  septa,  subsynovial  and  subserous  tissues;  and 
occasionally  also  in  the  submucous  tissue  of  the  stomach  and 
intestines,  and  even  in  internal  organs  where  there  is  normally 
no  fat.  They  sometimes  attain  an  enormous  size.  They  are 
more  or  less  lobulated,  and  are  usually  surrounded  by  a  fibrous 
capsule,  which  separates  them  from  the  adjacent  structures. 
They  move  freely  over  the  deep  fascia  when  subcutaneous :  but 
often  the  attempt  to  raise  the  skin  from  them  causes  it  to 
dimple.  On  section,  they  present  the  ordinary  appearance  of 
adipose  tissue.  Their  consistence  and  adhesion  to  the  capsule 
vary  v^ith  the  amount  of  fibrous  tissue  which  they  contain. 
They  are  usually  single,  but  not  infrequently  multiple  and 
hereditary.  In  their  growth  they  occasionally  become  pedun- 
culated. 

Clinical  Characters. — Clinically,  the  lipomata  are  perfectly 
innocent. 


CHAPTER    XV. 


the    CHONDROMATA. 


The  Chondromata  are  tumors  histologically  resembling  car- 
tilage. 

Structure, — Like  cartilage,  they  consist  of  cells  and  an  in- 
tercellular substance,  which  present  all  the  variations  observed 
in   the    normal   tissue.       The   intercellular   substance  may  be 
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hyaline,  faintly  or  distinctly  fibrous,  or  mucoid.  When  fibrous, 
the  fibres  may  be  arranged  like  those  of  fibro-cartilage,  or 
more  or  less  concentrically  around  the  cells,  as  in  the  reticular 
cartilages  of  the  ear  and  larynx.  (Fig.  34).  When  hyaline  or 
mucoid,  it  is  sometimes  quite  soft  in  consistence.  The  cells 
may  be  very  numerous,  or  few  in  proportion  to  the  matrix.  In 
the  hyaline  forms  they  are  usually  large  and  round,  or  oval  (Fig. 
35) ;  in  the  fibrous  forms  they  are  often  smaller  and  oven  some- 

FiG.  34.  Fio.  Zrj. 
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Fibrous  chondroma.     X  200.  Hyaline  chondroma.     X  200. 

what  spindle-shaped,  more  resembling  those  of  connective  tissue; 
and  in  the  rarer  mucoid  forms  they  are  more  commonly  stellate 
and  branched,  like  the  transitional  cells  at  the  edge  of  articular 
cartilages  where  the  synovial  membrane  ends.  They  are  either 
single  or  arranged  in  groups,  and  are  usually  surrounded  by  a 
capsule,  as  in  normal  cartilage,  although  this  is  often  very  in- 
distinct. They  enclose  one  or  more  nuclei  and  slightly  granular 
contents;  sometimes  a  cell-wall  cannot  be  distinguished.  A 
large  growth  is  usually  divided  into  several  lobes  by  bands  of 
fibrous  tissue,  in  which  are  contained  the  bloodvessels.  These 
lobes  are  often  very  distinct,  so  that  the  growth  appears  to  be 
made  up  of  several  separate  tumors.  Fibrous  tissue  in  most 
cases  also  encapsules  the  growth,  and  separates  it  from  the  sur- 
rounding structures:  but  sometimes  this  capsule  is  absent,  and 
the  tumor  is  surrounded  by  a  zone  of  embryonic  cells,  which 
infiltrate  the  adjacent  tissues. 

Development. — The  chondromata  most  frequently  originate 
from  common  connective  tissue  and  bone,  very  rarely  from  car- 
tilage. Cartilage  itself,  and  especially  fibro-cartilage,  is  very 
closely  allied  to  common  connective  tissue.  It  grows  from  the 
deeper  layers  of  the  perichondrium,  which  proliferate  and  form 
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an  embryonic  tissue;  the  young  cells  become  cartilage-cells,  and 
these  probably  form  the  matrix,  which  is  either  homogeneous  or 
fibrillated,  constituting  in  the  one  case  hyaline,  and  in  the  other 
iibro-cartilage.  The  development  of  chondroma  from  connec- 
tive tissue  is  precisely  similar  to  the  physiological  process. 

In  the  development  of  chondroma  from  osseous  tissue,  the 
medulla  is  the  source  of  the  new  growth.  This  proliferates  and 
forms  embryonic  tissue,  which  absorbs  trabeculae  and  occupies 
the  resulting  space ;  cartilage  is  formed  from  it,  as  above.  The 
mass  gradually  increases,  a  layer  of  fibrous  tissue  is  formed 
around  it,  and  further  growth  takes  place  from  the  tissue  of  the 
capsule.  Virchow  has  shown  that  islands  of  cartilage  not  un- 
commonly remain  in  the  shafts  of  bones,  and  has  rendered  it 
probable  that  many  chondromata  spring  from  them.  They  gen- 
erally begin  before  the  ossification  of  the  epiphyses,  whilst  the 
bone  is  actively  growing  and  vascular. 

Lastly,  cartilaginous  growths  may  originate  from  cartilage 
itself.  These  are  sometimes  seen  on  the  surface  of  the  articular 
cartilages,  in  the  larynx  and  trachea,  and  on  the  costal  and  inter- 
vertebral cartilages.  They  are  simply  local  overgrowths  from 
preexisting  cartilage.  They  rarely  attain  a  large  size,  and  in 
structure  and  physical  characters  more  closely  resemble  normal 
cartilage  than  the  other  forms  of  chondroma.  They  are  usually 
described  as  ecchondroses,  and  must  be  distinguished  from  the 
other  forms  of  cartilaginous  tumor. 

Secondary  Changes. — Calcification  is  the  most  common,  be- 
cause it  is  frequent  in  the  commonest  chondromata — those  of 
the  phalanges  and  metacarpals  of  the  hands.  It  spreads  from 
many  centres,  commencing  in  the  capsules,  and  then  involving 
the  intercellular  substance.  Ossification  also  occurs,  especially 
in  the  chondromata  which  grow  near  the  junctions  of  the  epi- 
physes and  shafts  of  long  bones ;  these  ossify  as  they  grow,  and 
form  the  pedunculated  exostosis.  So  also  does  the  common  sub- 
ungual exostosis  of  the  great  toe,  which  is  generally  an  ossify- 
ing chondroma.  Fatty  degeneration  and  mucoid  softening  are 
common  changes,  and  may  lead  to  the  formation  of  large 
softened  masses  which  present  the  appearance  of  cysts.  In  rare 
cases  the  skin  covering  the  tumor  ulcerates,  and  a  fungating 
mass  protrudes. 
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Varieties. — The  varieties  of  chondroma  depend  mainly  upon 
the  nature  of  the  intercellular  substance.  There  are  thus  hyaline, 
fibrous,  and  mucoid  chondromata ;  these,  however,  are  usually 
combined  in  various  degrees  in  the  same  tumor.  As  a  rule, 
those  originating  from  the  medulla  of  bone  are  of  the  hyaline 
and  mucoid  class,  whilst  those  originating  from  connective 
tissue  in  other  situations  are  more  frequently  fibrous.  The 
rapidly  growing  fibrous  forms  approach  very  closely  to  the 
sarcomata,  the  mucoid  forms  to  the  myxomata;  and  these  two 
kinds  of  growth  are  often  associated  in  the  same  tumor.  As 
above  stated,  chondromata  are  rarely  homologous. 

A  variety  of  chondroma  has  been  described  under  the  name 
of  osteochondroma,  which  in  structure  more  closely  resembles 
bone  than  cartilage.  It  consists  of  a  tissue  similar  to  that  met 
with  between  the  periosteum  and  bone  in  rickets,  which,  from 
its  resemblance  to  osseous,  has  been  called  osteoid  tissue.  This 
tissue  requires  only  calcifying  to  become  true  bone.  Like  bone, 
it  is  made  up  of  trabeculse  and  medullary  spaces;  but  the  tra- 
beculse,  instead  of  bone-corpuscles  and  lamellae,  consist  of  small 
angular  cells  without  a  capsule,  situated  in  an  obscurely  fibril- 
lated  matrix,  which  in  part  is  calcified.  The  medullary  spaces 
contain  a  fibrous  stroma  and  many  bloodvessels.  The  osteo- 
chondromata,  although  consisting  mainly  of  this  osteoid  tissue, 
contain  also  a  small  proportion  of  cartilage.  They  originate 
beneath  the  periosteum,  their  common  seat  being  the  ends  of 
the  long  bones.  Their  growth  is  very  rapid,  and  they  often 
attain  an  enormous  size.  They  are  much  more  freely  supplied 
with  bloodvessels  than  the  ordinary  chondromata,  and  hence 
they  are  much  less  frequently  the  seats  of  retrogressive  changes. 
They  are  especially  prone  to  become  ossified  and  converted  into 
true  bone. 

Physical  Characters,  etc, — The  chondromata -occur  most 
frequently  in  early  life.  About  three-fourths  of  them  are  met 
with  in  the  osseous  system,  where  they  grow  either  centrally  or 
subperiosteally.  Their  favorite  seats  are  the  fingers  and  toes, 
the  lower  end  of  the  femur,  and  the  upper  of  the  humerus  and 
tibia.  Most  of  the  remaining  fourth  occur  in  the  parotid  gland 
and  in  the  testicle.  Cohnheim  suggests  as  the  source  of  this  in 
the  parotid  an  aberrant  bit  of  the  cartilaginous  rudiment  of  the 
jaw;  Virchow,   a  piece  of  the  cartilage  of  the  pinna.     In  the 
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testis  a  portion  of  the  rudiment  of  a  vertebra  may  have  been 
included.  They  occasionally  occur  in  the  intermuscular  septa, 
in  the  subcutaneous  tissue  of  the  breast,  and  in  the  lungs.  They 
are  usually  single,  except  w^hen  occurring  on  the  fingers  and 
toes,  in  which  situations  they  are  more  frequently  multiple. 
They  consist  of  a  single  tumor,  or  of  several  smaller  tumors 
held  together  by  fibrous  tissue.  The  more  slowly  growing 
chondromata  are  hard,  smooth,  elastic  tumors,  often  lobulated, 
and  seldom  exceeding  the  size  of  an  orange.  Less  frequently 
these  tumors  grow  very  rapidly,  are  soft  in  consistence,  and 
attain  a  large  size.  Such  growths  often  start  from  the  pelvic 
bones  or  ribs. 

Clinical  Characters. — The  chondromata  must  for  the  most 
part  be  regarded  as  innocent  growths.  They  are  usually  encap- 
suled,  and  in  most  cases  produce  merely  local  efiects,  although 
these,  from  the  parts  involved  and  the  rapidity  of  the  growth, 
are  often  very  injurious.  The  softer  forms,  however,  and 
especially  those  which  occur  in  the  medulla  of  bone  and  in  the 
glands,  occasionally  exhibit  malignant  characters.  These  grow 
the  most  rapidly,  and  are  often  not  limited  by  a  fibrous  capsule, 
^ut  surrounded  by  a  zone  of  embryonic  tissue.  They  consist  of 
very  vascular  spindle-celled  tissue,  together  with  well-developed 
hyaline  cartilage,  and  are  spoken  of  as  chondro-sarcomata. 
Such  tumors  tend  to  recur  locally  after  removal,  and  in  rare 
cases  also  infect  the  lymphatic  glands,  and  are  reproduced  in 
the  lungs. 


CHAPTER  XVI. 


THE    OSTEOMATA. 


The  Osteomata  are  tumors  resembling  in  structure  normal 
bone. 

Structure. — The  bone  may  be  exceedingly  dense,  or  very 
open  and  cancellous;  but  all  intermediate  grades  occur. 

Varieties. — Two  classes  are  made  from  the  above  variations 
in  density. 
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1.  The  Eburnated  or  Ivory  Osteomata.  These  consist  of  dense 
ivory-like  bone;  the  lamellae  are  arranged  concentrically  and 
parallel  to  the  surface  of  the  tumor;  cancellous  tissue  is  absent, 
and  Haversian  canals  are  few  and  narrow.  Some  specimens 
are  less  dense,  the  Haversian  canals  being  as  numerous  as  in 
ordinary  compact  bone,  but  less  regularly  arranged. 

2.  The  Cancellous  or  Spongy  Osteomata.  These  consist  of  can- 
cellous, surrounded  by  a  thin  layer  of  compact,  bone.  The 
medullary  spaces  may  contain  embryonic,  fibrous,  or  fatty  tissue. 

Development. — The  formation  of  bone  may,  as  in  normal 
development,  take  place  directly  from  fibrous  tissue,  or  be  pre- 
ceded by  the  development  of  cartilage :  thus  we  get  fibrous  and 
cartilaginous  exostoses.  The  ivory  exostoses  of  the  skull  are  ex- 
amples of  the  former,  the  spongy  exostoses  near  the  epiphyses 
of  long  bones  of  the  latter.  A  growing  spongy  exostosis  is 
covered  by  a  layer  of  cartilage;  when  this  ossifies,  growth 
ceases. 

Seats,  Physical  Characters,  etc. — Bony  tumors  are  much 
commoner  in  connection  with  bone  (homologous)  than  else- 
where (heterologous),  growing  from  the  periosteum,  endosteum, 
or  from  persistent  islands  of  cartilage.  They  generally  project 
from  the  surface  (exostosis);  but  rarely  from  within  the  medul- 
lary canals  (enostosis). 

The  homologous  osteomata  or  exostoses  growing  from  periosteum 
are  almost  always  dense  and  eburnated,  and  occur  most  fre- 
quently on  the  external  and  internal  surfaces  of  the  skull :  the 
orbit  is  an  especially  favorite  seat.  They  are  met  with  also  on 
the  scapula,  pelvis,  and  on  the  upper  and  lower  jaws.  In  the 
last-named  situation  they  may  grow  from  the  dental  periosteum. 
There  is  usually  a  line  of  demarcation  between  them  and  the 
subjacent  bone,  the  new  tissue  of  the  tumor  being  distinct  from 
the  compact  tissue  of  the  bone.  The  periosteum  from  which 
they  grow  covers  them,  and  is  continuous  with  that  of  the  old 
bone.  Such  growths  are  smooth,  low,  rounded,  and  wide- 
based. 

The  homologous  exostoses  growing  from  cartilage  occur  at 
the  ends  of  the  long  bones  close  to  the  line  of  junction  of  epi- 
physis and  shaft.  In  structure  they  are  much  more  cancellous 
than  the  periosteal  growths,  and  their  outline  is  less  regular; 
but   they   are    prominent   and    pedunculated   generally.      The 
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medullary  osteomata — or,  more  properly,  enostoses — are  the  least 
frequent :  they  originate  in  the  medullary  tissue. 

Heterologous  osteomata  originate  apart  from  bone,  growing  from 
connective  tissue.  They  are  very  rare  as  primary  growths. 
They  have  been  described  as  occurring  in  the  subcutaneous 
tissue;  but  Malherbe  has  shown  reason  for  believing  that  such 
growths  are  really  sebaceous  adenomata  of  which  the  stroma  is 
ossified.  Bony  tumors  have  very  rarely  been  formed  in  the 
brain  and  cerebellum.  Parts  of  fibromata,  lipomata,  and  chon- 
dromata  may  ossify.  The  secondary  growths  of  ossifying  sarco- 
mata in  connection  with  bone,  often  ossify. 

The  osteomata  being  the  result  of  the  ossification  of  newly 
formed  connective  tissue,  which  is  not  a  product  of  inflamma- 
tion, must  be  separated  from  simple  ossification  of  normally 
existing  tissues — such  as  rib,  laryngeal  or  bronchial  cartilages, 
insertions  of  muscles  (rider's  bone  in  adductor  longus  and  the 
like),  and  membranes  of  the  brain;  and  also  from  ossifications 
of  inflammatory  tissue — such  as  nodes  or  general  thickenings 
of  bones,  the  sharp  stalactitic  processes  which  may  grow  round 
a  carious  joint  or  surface  of  bone,  and  the  smooth,  round  promi- 
nences which  form  round  a  joint  in  rheumatoid  arthritis.  They 
must  be  distinguished  from  calcareous  deposits,  in  which  there 
is  no  bone  formed  (see  "  Calcareous  Degeneration  "). 

Secondary  Changes. — Osteomata  may  inflame,  become  cari- 
ous or  necrose.  The  latter  is  most  likely  to  occur  in  ivory 
exostoses,  causing  their  separation  and  cure. 

Clinical  Characters. — The  osteomata  are  perfectly  innocent 
tumors.  Their  growth  is  very  slow.  They  rarely  attain  a  large 
size.  They  are  often  hereditary  and  multiple,  in  which  case 
they  usually  occur  in  early  life.  Osseous  growths  which  exhibit 
malignant  characters,  are  chondromata  or  sarcomata  which  have 
undergone  partial  ossification.  From  these,  true  osteomata 
must  be  carefully  distinguished  (see  "Osteoid  Sarcoma"). 
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CHAPTER   XYII. 


THE    LYMPHOMATA. 


The  Lyraphomata  are  new  formations  consisting  of  lymphoid, 
or,  as  it  is  sometimes  called,  adenoid  tissue  (His).  Lymphoid 
tissue  is  now  known  to  have  a  much  more  general  distribution 
than  was  formerly  supposed.  It  not  only  constitutes  the  follicles 
of  the  lymphatic  glands  and  the  Malpighian  corpuscles  of  the 
spleen,  but  also  Peyer's  glands  and  the  solitary  glands  of  the 
intestines,  the  follicles  of  the  pharynx  and  tonsils,  the  thymus 
gland,  and  the  trachoma  glands  of  the  conjunctiva.  Recently 
it  has  been  found  to  exist  also  in  many  other  situations,  as 
around  the  bloodvessels  of  the  pia  mater  and  of  other  parts,  in 
the  neighborhood  of  the  smallest  bronchi,  in  the  pleura  imme- 
diately beneath  its  endothelium,  in  the  peritoneum,  in  the 
mucous  membrane  of  the  alimentary  canal,  and  in  the  medulla 
of  bone. 

Structure. — Lymphoid  tissue,  wherever  it  exists,  possesses 
the  same  general  structure,  and  the  follicle  of  a  lymphatic  gland 
may  be  taken  as  the  type,  not  only  of  the  physiological  tissue, 
but  also  of  the  pathological  growths. 

This  tissue  consists  of  a  delicate  reticulum,  within  the  meshes 
of  which  are  numerous  lymph-corpuscles.  The  reticulum  is  a 
close  network  of  very  fine  fibrils,  the  meshes  of  which  are  onl}^ 
sufficiently  large  to  enclose  a  few,  or  even  a  single  corpuscle,  in 
each.  The  fibrils  usually  present  a  more  or  less  homogeneous 
appearance,  and  nuclei  are  sometimes  to  be  distinguished  at  the 
angles  of  the  network.  The  lymph-corpuscles,  which  constitute 
the  greater  part  of  the  tissue,  can,  in  most  cases,  be  readily 
removed  from  the  meshes  of  the  reticulum  by  the  agitation  of 
thin  sections  in  water.  They  are  identical  in  their  characters 
with  the  white  cells  of  the  blood.  As  usually  seen  after  death, 
they  are  spheroidal,  pale,  semi-transparent  bodies,  varying  con- 
siderably in  size,  and  presenting  slight  differences  in  structure. 
Some  are  granular,  and  appear  to  possess  no  nucleus;  in  others, 
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a  distinct,  simple,  or  compound  nucleus  is  visible,  which  is 
usually  also  granular;  others  again  are  much  larger,  and  con- 
tain two  or  even  three  nuclei.     (Fig.  36.) 

The  histological  and  physical  characters  of  the  lymphomata, 
however,  vary  considerably,  according  to  the  rapidity  of  their 
development.  In  the  rapidly  growing  forms  the  proportion  of 
cells  is  very  great,  and  many  of  these  are  larger  than  those 
normally  met  with  in  lymphatic  glands,  containing  two,  or  even 
more,  nuclei;  they  are  of  a  grayish-white  color,  and  soft,  brain- 
like consistence — much  like  encephaloid  cancer — and  yield 
abundance  of  milky  juice.  They  may  reach  a  great  size.  The 
more  slowly  growing  tumors,  on  the  other  hand,  are  less  richly 
cellular,  and  the  larger  cell-forms  are  almost  entirely  wanting; 
the  reticulum  constitutes  a  more  prominent  part  of  the  growth 
(Fig.  ^37),  and  instead  of  being  exceedingly  delicate,  is  much 
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Cells  from  a  lymjyliatic  growth  in  the 
liver.  Those  to  the  left  are  the  ordinary 
lymph-corpuscles,  which  constituted  the 
greater  part  of  the  growth.  To  the  right 
are  some  of  the  larger  elements.    X  350. 


Lymphoma.  Section  of  a  firm  lymphoma 
of  the  mediastinum.  Showing  a  very  thick- 
ened reticulum,  within  the  meshes  of  which 
the  lymphoid  cells  are  grouped.     X  200. 


coarser  and  forms  a  network  of  broad  homogeneous  or  slightly 
fibrillated  bands.  As  the  reticulum  increases,  the  lymph-cor- 
puscles gradually  diminish  in  number  and  become  arranged  in 
smaller  groups  within  its  meshes.  (Fig.  37.)  Such  growths 
are  much  harder  than  the  more  rapidly  growing  ones;  they  are 
sometimes  exceedingly  dense.  They  are  rarely  very  large. 
These  variations  in  the  proportion  of  cells  and  stroma  are  pre- 
cisely analogous  to  those  met  with  in  lymphatic  glands  as  the 
result  of  acute  and  chronic  inflammation  (see  "  Inflammation  of 
Lymphatic  Structures");  but  in  many  cases  the  relation  between 
cells  and  stroma  remains  normal,  as  in  hyperplasia. 
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Development. — The  lymphoraata  originate  from  lymphoid 
tissue,  being  simply  uniform  overgrowths  of  preexisting  lym- 
phatic structures — mainly  of  the  lymphatic  glands.  They  are, 
therefore,  usually  homologous.  They  may,  however,  be  hete- 
rologous, either  owing  to  the  new  tissue  extending  considerably 
beyond  the  confines  of  the  old,  or  to  its  origin  in  situations 
where  lymphoid  tissue  is  not  present  normally.  This  latter  con- 
dition obtains  in  Hodgkin's  disease,  and  in  certain  forms  of 
lymphoma  which  are  malignant. 

In  some  cases  of  round-celled  sarcoma,  which  may  originate 
in  any  connective  tissue,  the  matrix  undergoes  development 
into  a  network;  the  growths  spread  and  generalize  like  ordinary 
sarcomata,  and  are  called  lympho-sarcomata.  They  may  originate 
in  lymphatic  glands. 

In  considering  the  development  of  these  growths  it  must  be 
borne  in  mind  that  enlargements  of  lymphatic  structures  are 
most  frequently  of  an  inflammatory  nature,  being  due  to  some 
injury;  and  histologically,  as  already  indicated,  there  is  but 
little  difference  between  these  inflammatory  growths  and  lym- 
phomatous  tumors.  The  inflammatory  growths,  however,  tend 
to  subside,  the  tumors  continuously  to  increase.  Further,  the 
developnient  of  the  tumors  may,  like  that  of  the  inflammatory 
growths,  be  determined  by  some  injury,  the  injury  producing 
perhaps  some  inflammation  and  enlargement  of  the  gland,  but 
this  instead  of  subsiding  continues,  more  or  less  rapidly,  to 
increase.     (See  "  Etiology  of  Tumors.") 

Secondary  Changes. — The  lymphomata  do  not  undergo 
marked  retrograde  changes.  There  is  no  fatty  degeneration, 
caseation,  or  softening,  such  as  occurs  in  scrofulous  glands. 

Clinical  Characters. — Clinically,  the  lymphomata  are,  for 
the  most  part,  perfectly  innocent  tumors.  They  originate  most 
frequently  in  the  lymphatic  glands,  the  gland  undergoing  a 
continuous  increase  in  size.  Sometimes,  as  already  stated,  the 
enlargement  of  the  glands  appears  in  the  first  place  to  be  of  an 
inflammatory  nature  and  to  result  from  some  irritation,  but  upon 
this  being  removed  the  glands,  instead  of  subsiding,  continue  to 
increase.  In  most  cases,  however,  no  such  source  of  irritation  is 
discoverable.  The  glands  which  are  especially  prone  to  this  dis- 
ease are  the  cervical,  the  submaxillary,  the  axillary,  the  inguinal, 
the   bronchial   and    mediastinal,    and    the    abdominal    glands. 
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Usually  only  a  single  gland,  or  a  single  group  of  glands,  is 
affected;  sometimes,  however,  the  growth  is  more  general.  As 
the  glands  enlarge,  they  gradually  unite,  so  that  ultimately  they 
may  form  very  large  lobulated  tumors.  When  occurring  in  the 
mediastinum  they  may  invade  one  or  both  lungs,  and  they 
constitute  here  the  most  common  form  of  mediastinal  tumor 
(so-called  "Thoracic  Cancer").  The  lymphatic  structures  in 
the  intestine  may  in  the  same  way  become  enlarged,  and  project 
so  as  to  form  polypi. 

The  lymphomata  occasionally,  however,  exhibit  malignant 
properties.  This  is  especially  the  case  in  those  richly  cellular, 
soft,  rapidly  growing  forms  which  are  sometimes  met  with. 
Such  growths  may  rapidly  infiltrate  the  surrounding  structures, 
involve  the  neighboring  lymphatic  glands,  and  even  infect  dis- 
tant parts.  To  these  malignant  forms  the  term  lymphadenoma  is 
sometimes  applied.  They  correspond  with  Virchow's  lympho- 
sarcoma. 

In  the  condition  known  as  "Hodgkin's  Disease,"  and  in 
leukeemia,  lymphomatous  growths  are  met  with  in  various  parts 
of  the  body. 

Hodg-kin's    Disease. 

This  disease  is  characterized  by  the  enlargement  of  the  lym- 
phatic glands  in  various  parts  of  the  body,  together  with  the 
development  of  lymphatic  growths  in  internal  organs,  especially 
in  the  spleen;  by  a  diminution  in  the  number  of  red  corpuscles 
in  the  blood;  and  b}^  progressive  anaemia.  The  new  growths 
are  precisely  similar,  histologically,  to  lymphoma.  The  disease 
was  described  by  Hodgkin,  Bright,  Wilks,  and  Trousseau,  and 
is  called,  after  the  first-named  of  these  observers,  "  Hodgkin's 
Disease;"  Trousseau  designated  it  "  Adenie;"  it  is  also  known 
as  "  Anasmia  Lymphatica."  It  is  allied  to  leukaemia,  but  differs 
essentially  from  it  in  this  respect,  that  the  new  formation  of 
lymphatic  tissue  is  not  associated  with  any  notable  increase  in 
the  number  of  the  white  corpuscles  in  the  blood.  (See  "  Leu- 
ksemia.") 

The  lymphatic  glands  are  usually  the  earliest  seats  of  the 
new  growth.  At  first  only  a  single  group  of  glands  may  be 
enlarged ;    subsequently,  however,  the  process   becomes   more 
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general,  and  the  glands  throughout  the  whole  body  may  be 
more  or  less  involved.  The  groups  of  glands  most  frequently 
affected,  in  the  order  of  their  frequency,  are  the  cervical,  the 
axillary,  the  inguinal,  the  retro-peritoneal,  the  bronchial,  the 
mediastinal,  and  the  mesenteric.  The  new  growth,  which  in 
the  earlier  stages  is  limited  to  the  glands,  gradually  breaks 
through  the  capsules,  so  that  the  enlarged  glands  become  con- 
fluent, and  form  large  lobulated  masses.  The  growth  may  also 
extend  still  further  beyond  the  confines  of  the  gland  and  invade 
and  infiltrate  the  adjacent  structures. 

This  new  growth  of  lymphatic  tissue,  which  commences  in 
and  often  extends  beyond  the  confines  of  the  lymphatic  glands, 
is  ultimately  followed  by  the  formation  of  lymphatic  growths  in 
various  internal  organs,  but  more  especially  in  the  spleen.  The 
spleen  is  affected  in  a  large  proportion  of  cases.  Here  the  new 
growth  originates  in  the  Malpighian  bodies,  and  so  gives  rise  to 
disseminated  nodules.  These  vary  in  size  from  minute  points 
to  masses  as  large  as  a  hazelnut  or  walnut.  They  are  usually 
more  or  less  irregular  in  shape,  of  a  grayish  or  yellowish-white 
color,  firmer  in  consistence  than  the  splenic  tissue,  and  not 
encapsuled.  In  addition  to  these,  w^edge-shaped '  infarctions 
surrounded  by  a  zone  of  hypersemia  are  sometimes  met  with, 
similar  to  those  which  are  often  seen  in  leukaemia.  The  spleen 
itself  is  increased  in  size,  although  rarely  very  considerably  so; 
and  its  capsule  is  usually  thickened,  and  often  adherent  to  ad- 
jacent organs.  In  quite  exceptional  cases  the  spleen  is  not  the 
seat  of  these  disseminated  growths,  but  is  simply  uniformly  en- 
larged, like  the  leuksemic  spleen. 

The  liver,  kidnej's,  alimentary  canal,  medulla  of  bone,  lungs, 
and  subcutaneous  tissue  may  all  become  involved,  the  new 
growths  occurring  either  as  nodules  of  various  sizes  scattered 
through  the  organs,  or  in  a  more  infiltrated  form,  like  many  of 
those  met  in  leukEemia. 

Histologically,  the  new  growths  are  precisely  similar  to  the 
lymphomata,  and  like  these  present  difierences  in  the  relative 
proportions  of  cells  and  stroma,  the  richly  cellular  forms  being 
soft  and  pulpy,  whilst  those  in  which  the  stroma  is  more  abun- 
dant are  firmer  and  more  fibrous  in  consistence.  Retrogressive 
changes  rarely  occur. 

With  regard  to  the  pathology  of  the  disease,  it  is  undoubtedly 
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obscure.  The  development  of  the  new  growths  cannot  in  most 
cases  be  regarded  as  the  result  of  infection  from  a  primary 
centre,  as  the  process  is,  for  the  most  part,  confined  to  the 
lymphatic  structures,  and  many  and  widely  distant  groups  are 
often  simultaneously  involved.  The  disease  thus  appears  to 
occupy  a  different  pathological  position  to  that  of  the  malignant 
tumors.  It  is  probable  that  there  is  some  special  weakness  of 
the  lymphatic  structures  generally  which  renders  them  prone  to 
undergo  these  active  developmental  changes,  the  process  being 
determined  by  some  constitutional  state  or  by  some  local  injury 
of  the  glands.  The  progressive  anaemia  which  accompanies, 
but  does  not  precede,  the  gland  affection,  is  due  to  the  progres- 
sive implication  of  the  lymphatic  structures  and  to  the  conse- 
quent interference  with  the  formation  of  the  blood-corpuscles. 

Leuksemia. 

In  leuksemia,  as  in  Hodgkin's  disease,  there  is  usually  a  de- 
velopment of  lymphomatous  tissue  in  various  organs.  The 
disease,  however,  is  characterized  by  the  large  increase  in  the 
number  of  white  corpuscles  in  the  blood,  and  in  the  majority  of 
cases  by  enlargement  of  the  spleen.  It  is  this  alteration  in  the 
blood  which  gives  leuksemia  its  distinctive  characters — hence  its 
name.  The  disease  will  be  considered  subsequently,  when 
treating  of  "  Diseases  of  the  Blood." 

The  Lymphangiomata. 

The  Lymphangiomata  are  tumors  consisting  of  lymphatic 
vessels  which  are  larger  than  normal ;  but  it  is  doubtful  what 
shares  simple  dilatation  and  new  formation  of  lymphatic  vessels 
take.  The  divisions  are  the  same  as  those  of  angioma — simple 
and  cavernous  lymphangioma.  A  section  of  the  latter  would 
scarcely  be  distinguishable  from  one  of  the  cavernous  nsevus 
(see  Fig.  49),  except  by  the  contents  of  the  spaces.  There  is 
generally  fat  in  the  stroma. 

Each  kind  may  be  congenital  or  acquired.  Congenital  dilata- 
tions are  found  in  the  tongue  (makro-glossia),  lip  (makro-cheilia), 
and  labium,  causing  hypertrophy  of  the  parts;  and  also  else- 
where in  the  skin. 
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Acquired  dilatation  is  not  rare  in  the  skin,  especially  of  the 
thigh  and  thorax,  forming  tumors  sometimes  as  large  as  an 
orange  in  the  subcutaneous  tissue;  dangerous  loss  of  lymph 
may  occur  from  rupture  of  a  vessel.  Fibroid  thickening  of  the 
parts  from  which  lymphatics  pass  to  the  tumor  may  occur. 


CHAPTER    XVIII. 


THE    SARCOMATA. 


The  Sarcomata  are  tumors  consisting  of  embryonic  connective 
tissue.  Of  these  there  are  several  varieties,  depending  upon  the 
size  and  configuration  of  the  cells,  and  the  nature  of  the  inter- 
cellular substance.  They  include  what  have  generally  been 
known  in  this  country  as  Jibro-plastic  jibro-nudeated,  recurrent 
fibroid^  and  myeloid  tumors.  Many  growths  formerly  described 
as  "  cancers  "  also  belong  to  this  class  of  new  formations. 

Connective  tissue  in  its  most  immature  state  differs  from  the 
fully  developed  tissue  in  consisting  almost  entirely  of  small 
round  cells,  whilst  its  intercellular  substance  is  wholly  soft  and 
amorphous.  This  is  the  common  condition  of  connective  tissue 
in  the  primary  stages  of  all  rapid  formative  processes,  as  already 
described  when  speaking  of  it  as  the  tissue  from  which  many 
tumors  of  the  connective-tissue  class  originate.  (See  "Develop- 
ment of  Tumors.") 

In  the  normal  development  of  this  embryonic  into  mature 
connective  tissue,  the  cells  diminish  in  number,  many  of  them 
assume  a  spindle  shape,  and  the  intercellular  substance  fibril- 
lates.  Similar  changes  are  seen  in  inflammatorj'  conditions  of 
connective  tissue.  In  the  sarcomata,  however,  the  connective 
tissue  retains  the  embryonic  state,  and  throughout  their  growth 
there  is  a  progressive  formation  of  embryonic  tissue.  ISTot  un- 
commonly the  process  of  development  leads  in  parts  of  the 
tumor  to  the  formation  of  a  more  highly  developed  structure, 
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as  fibrous  tissue,  cartilage,  or  bone,  so  that  a  mixed  form  of 
tumor  is  produced. 

Structure. — The  sarcomata  may  thus  be  defined  as  tumors 
consisting  of  connective  tissue  which  throughout  its  growth 
more  or  less  retains  the  embryonic  type,  in  so  far  at  least  that 
cells  predominate  over  intercellular  substance.  The  cells,  which 
constitute  nearly  the  whole  of  the  growth,  consist  for  the  most 
part  of  masses  of  nucleated  protoplasm,  and  rarely  possess  a 
limiting  membrane.  They  vary  much  in  size  and  form ;  and 
though  in  a  tumor  one  form  usually  predominates,  all  may 
generally  be  found  by  search  (Cornil  and  Ranvier).  Often  the 
different  forms  are  much  mixed  in  the  same  growth.  There  are 
three  principal  varieties — round,  fusiform,  and  myeloid  cells. 

The  round  cells  are,  many  of  them,  indistinguishable  from 
lymph-cells  or  white  blood-corpuscles.  Others  are  somewhat 
larger  and  contain  an  indistinct  nucleus  with  one  or  more  bright 
nucleoli :  these  more  closely  resemble  the  cells  of  a  granulation. 

The  fusiform  or  spindle-shaped  cells  are  the  so-called  "  fibro- 
plastic cells."     (Fig.  38.)     They  are  long,  narrow  cells,  termi- 
nating at  each  end  in  a  fine  prolongation. 
Some  of  them  may  be  broader,  approach-  Fig.  38. 

ing  the  epithelial  type ;  others  more  or 
less  stellate.  They  are  sometimes  slightly 
granular,  and  they  enclose  a  long  oval 
nucleus,  with  or  without  nucleoli.  In 
size  they  vary  considerably.  These  cells 
represent  a  higher  state  of  development 
than  the  round  cells,  resembling  those 
met  with  in  embryonic  tissue  which  is  in 
the  process  of  forming  mature  connective     Ceiis  from  a  spindie-eeihd 

tissue.  sarcoma.      X  350. 

The  myeloid,  or  mother-cells,  are  much 
larger  than  either  of  the  preceding,  and  are  analogous  to  the 
cells  met  with  in  the  medulla  and  fcetal  bone.  (See  Fig.  47.) 
They  are  large  irregular  masses  of  nucleated  protoplasm, 
generally  roughly  spherical,  and  often  possessing  numerous 
offshoots.  They  are  finely  granular,  and  contain  several  round 
or  roundly  oval  nuclei,  each  with  one  or  more  bright  nucleoli. 
The  nuclei  may  be  exceedingly  numerous,  one  cell  containing  as 
many  as  thirty.     Both  cells  and  nuclei  vary  considerably  in  size. 
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An  intercellular  substance  exists  in  the  sarcomata,  intervening 
between  all  cells  as  in  ordinary  connective  tissues.  But  it  may 
be  absent  as  in  endothelium,  lymphatic  epithelium,  etc.  It  is 
usually  small  in  quantity,  the  cells  lying  almost  in  apposition. 
It  may  be  perfectly  fluid  and  homogeneous,  or  firmer  and  gran- 
ular, or  more  or  less  fibrillated.  Chemically  it  yields  albumen, 
gelatine,  or  mucin.  On  its  amount  and  nature  the  consistence 
of  the  growth  depends. 

The  bloodvessels  are  usually  very  numerous,  and  are  either  in 
direct  contact  with  the  cells,  or  separated  from  them  by  a  little 
fibrillated  tissue.  Their  distribution  is  very  irregular,  and  their 
walls  are  often  formed  by  the  cells  of  the  tumor.  Hence  the 
ease  with  which  early  generalization  can  occur,  and  the  fre- 
quency with  which  rupture  and  extravasation  of  blood  take 
place.     Lymphatics  are  not  known. 

Development. — The  sarcomata  always  originate  from  connec- 
tive tissue,  and  may  occur  wherever  connective  tissue  is*  present. 
Congenital  warts  and  pigment-spots  often  serve  as  their  starting- 
point  in  later  life  (p.  125.)  They  increase  by  the  continuous 
invasion  of  their  connective-tissue  matrix,  so  that  no  line  of 
demarcation  exists  between  the  two.  They  frequently  invade 
also  other  tissues,  the  elements  of  the  growth  extending  for 
some  distance  into  the  surrounding  structures.  This  infiltrating 
tendency  of  the  sarcomata  varies  considerably  in  the  different 
varieties,  being  much  more  marked  in  the  round-celled  than  in 
the  small  spindle-celled  and  myeloid  growths.  A  circumscribed 
growth  is  less  common,  but  a  sarcoma  may  acquire  a  capsule 
by  stretching  around  itself  the  connective  tissue  of  the  organ 
in  which  it  originates.  The  very  varying  malignancy  of  tumors 
having  the  structure  of  sarcomata  is  a  main  point  with  Cohnheini 
in  establishing  the  necessity  for  diminished  physiological  resist- 
ance before  malignancy  can  be  manifested  (p.  123). 

Secondary  Changes. — The  most  important  of  these  is  fatty 
degeneration.  This  always  occurs  to  a  greater  or  less  extent 
in  the  older  portions  of  the  growth,  causing  softening,  or  the 
production  of  cyst-like  cavities.  It  is  frequently  associated  with 
rupture  of  the  bloodvessels  and  hemorrhage;  the  latter  may 
give  rise  to  the  formation  of  sanguineous  cysts.  (See  "Blood- 
cysts,"  p.  loo.)  Calcification  (Fig.  42),  ossification  (Fig.  43), 
and  mucoid  degeneration  are  less  common.     The  occurrence  of 


SPINDLE-CELLED    SARCOMA.  151 

calcification,  ossification,  and  pigmentation  is  influenced  by  the 
predisposition  of  the  matrix  from  which  the  growth  is  produced; 
thus,  calcification  and  ossification  are  more  prone  to  occur  in 
tumors  originating  in  connection  with  bone,  pigmentation  in 
those  originating  from  the  cutis  or  eyeball. 

Varieties. — Although  all  the  sarcomata  possess  the  same 
general  characters,  they  present  many  histological  and  clinical 
diflferences  which  may  serve  as  bases  for  their  classification. 
The  occurrence  of  various  secondary  changes — pigmentation, 
mucoid  degeneration,  and  the  formation  of  cysts — imparts  their 
respective  characters  to  the  growth ;  hence  ynelanotic- sarcoma  and 
cystic  sarcoma  have  been  described  as  distinct  varieties.  This  is 
to  a  certain  extent  justifiable,  inasmuch  as  sarcomata  which 
have  undergone  these  transformations,  in  many  cases  possess 
the  property  of  reproducing  the  same  characters  when  they 
occur  secondarily  in  other  parts.  Then,  again,  as  already 
stated,  sarcomatous  tumors  are  sometimes  complex  in  their 
structure,  and  are  associated  with  other  tissues  belonging  to 
the  connective-tissue  group.  A  combination  of  sarcoma  with 
fatty,  cartilaginous,  osseous,  and  mucous  tissue,  is  thus  not  un- 
commonly met  with.  This  is  owing  to  the  embryonic  tissue 
exhibiting  a  tendency  to  develop  into  the  different  varieties  of 
connective  tissue.  (See  "  The  Tumors.")  The  mixed  forms — 
lipo-sarcoma,  chondrosarcoma,  osteosarcoma,  myxosarcoma,  etc., 
are  thus  produced.  The  following  histological  classification, 
based  upon  the  three  difiJerent  forms  of  cells  already  described, 
is  the  One  generally  adopted.  As  all  the  varieties  of  cells  may 
be  found  in  the  same  tumor,  the  majority  will  determine  the 
class  to  which  the  growth  belongs.  If  no  one  form  predomi- 
nates, the  growth  is  called  ^^mixed-cells."  The  extreme  edge 
must  be  avoided  in  examinations,  on  account  of  the  round- 
celled  growth  here  which  is  common  to  many  tumors. 

Spindle-celled   Sarcoma. 

These  tumors,  which  include  the  growths  described  by  Paget 
in  this  country  as  "fibro-plastic,"  and  "recurrent  fibroid,"  are  the 
most  common  of  all  the  sarcomata.  They  consist  of  cells  mainly 
spindle-shaped  and  fusiform,  separated  by  only  a  little  homo- 
geneous or  slightly  fibrillated   intercellular  substance.     These 
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often  form  whorls  round  the  vessels.  The  cells,  which  contain 
well-marked  oval  nuclei,  with  one  or  more  nucleoli,  are  arranged 
in  bundles  which  pass  in  all  directions  through  the  growth,  often 
giving  to  it  a  somewhat  fibrous  appearance.  In  those  portions  of 
the  section  in  which  the  bundles  of  spindle 
elements  have  been  cut  transversely,  they 
present  the  appearance  of  round  cells.  The 
cells  'vary  considerably  in  size  in  different 
tumors,  hence  the  division  into  small  and 
large  spindle-celled  growths. 

Small  Spindle-celled  Sarcoma. — In  these 
the  cells  are  small,  often  not  more  than  jy^th 
inch  in  length,  and  the  intercellular  sub- 
stance is  occasionally  imperfectly  fibrillated. 
(Fig.  39.)  These  growths  approach  therefore  the  confines  of  the 
fibromata,  and  histologically  they  must  be  regarded  as  occupying 
an  intermediate  place  between  embryonic  and  fully  developed 
connective  tissue.  They  grow  from  the  periosteum,  the  fasciae, 
and  from  connective  tissue  in  other  parts.  They  are  usually 
tolerably  firm  in  consistence,  of  a  whitish  or  pinkish-white  color, 
and  for  the  most  part  present,  on  section,  a  translucent,  some- 
what fibrillated  appearance.  They  are  often  encapsuled,  much 
more  frequently  so  than  other  varieties  of  sarcoma,  but  they  are 
very  liable  to  infiltrate  the  surrounding  structures,  and  to  recur 
locally  after  removal. 

Large  Spindle-celled  Sarcoma. — The  cellular  elements  in 
these  tumors  are  much  larger  than  in  the  preceding.  The  cells 
are  plumper,  and  the  nuclei  and  nucleoli  are  especially  promi- 
nent, and  frequently  multiple.  (Fig.  40.)  The  intercellular 
substance  is  more  scanty,  and  there  is  a  complete  absence  of  any 
fibrillation.  These  growths  are  much  softer  in  consistence  than 
the  small-celled  variety.  They  are  of  a  pinkish-white  color, 
and  are  often  stained  by  extravasations  of  blood,  and  sometimes 
in  parts  are  almost  difiiuent  from  extensive  fatty  degeneration. 
They  grow  rapidly,  and  are  usually  exceedingly  malignant. 

Melanotic  Sarcoma. — This  is  a  variety  of  sarcoma  in  which 
many  of  the  cells  contain  granules  of  dark-colored  pigment, 
quite  distinct  from  the  pigment  of  extravasated  blood.  By  far 
the.  greater  number  of  melanotic  tumors  are   sarcomata,  and 
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most  of  the  growths  which  were  formerly  described  as  "  mela- 
notic cancers,"  belong  in  reality  to  this  class  of  new  formations. 


Large  spindle-celled  sarcoma.  To  the  left — the  cells  have  been  separated  by  teasing, 
so  that  their  individual  forms  are  apparent;  to  the  right — they  are  in  their  natural  state 
of  apposition,  such  as  would  be  seen  in  a  thin  section  of  the  tumor.     (Virchow.) 

The  melanotic  sarcomata  originate  principally  in  two  situa- 
tions— in  the  choroid  coat  of  the  eye,  and  in  the  superficial  in- 
teguments.     In  both  of  these -situations  pigment  is  a  normal 

Fig.  41. 


A  melanotic  sarcoma  of  the  penis.  A.  A  thin  section  showing  the  general  arrangement 
of  the  elements.  X  200.  B.  A  section  from  the  peripheral  part  of  the  growth,  showing 
the  "indifferent  cells,''  amongst  which  are  small  isolated  pigmented  elements.  At  a,  a 
bloodvessel  is  seen.  X  200.  C.  Some  of  the  elements  separated  by  teasing.  In  these 
the  pigment  granules  are  well  seen.     X  400. 

constituent  of  the  tissues,  and  this  tendency  of  structures  nor- 
mally containing  pigment  to   originate  melanotic   growths    is 
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exceedingly  characteristic.  (See  "  Pigmentary  Degeneration.") 
These  tumors  usually  consist  of  spindle-shaped  cells,  and  hence' 
they  are  described  in  the  present  section ;  but  in  some  cases  the 
prevailing  type  of  cell  is  round  or  oval.  (Fig.  41.)  The  pig- 
ment, which  gives  to  them  their  distinctive  characters,  consists 
of  granules  of  a  brownish  or  dark  sepia  color,  which  are  dis- 
tributed within  the  cells  (Fig.  41,  C),  and  also  in  the  intercellular 
substance.  Frequently,  only  a  very  small  proportion  of  the 
cells  are  pigmented,  whilst  in  other  tumors  the  pigmentation  is 
much  more  universal.  In  all  cases,  however,  a  large  number  of 
the  elements  will  be  found  to  be  quite  free  from  pigment. 

These  melanotic  tumors  are  amongst  the  most  malignant  of 
the  sarcomatous  growths.  Although  they  have  comparatively 
but  little  tendency  to  extend  locally,  they  are  disseminated  by 
means  of  the  bloodvessels,  and  occasionally  also  hy  the  lym- 
phatics, and  thus  reproduce  themselves,  often  very  rapidly,  in 
distant  tissues.  In  doing  so,  although  they  almost  invariably 
maintain  their  melanotic  character,  the  degree  of  pigmentation 
of  the  secondary  tumors  varies  .considerably.  Whilst  many  of 
them  may  be  perfectly  black  in  color,  others  may  be  much  paler, 
and  perhaps  only  streaked  with  pigment.  The  secondary 
growths  are  soft,  usually  distinctly  circumscribed,  and  often  en- 
capsuled.  They  may  occur  in  almost  every  organ  of  the  body 
— the  liver,  the  spleen,  the  kidneys,  the  lungs,  the  heart,  the 
brain,  and  spinal  cord,  and  also  the  lymphatic  glands  and  sub- 
cutaneous tissue,  may  all  be  simultaneously  involved.  I  have 
observed  that,  when  occurring  in  internal  organs,  the  pigmenta- 
tion is  not  always  limited  to  the  secondary  nodules,  but  that 
many  of  the  cells  proper  to  the  organ  itself  are  filled  with 
granules  of  similar  pigment,  which  is  most  abundant  in  the 
cells  immediately  adjacent  to  the  new  growth.  This  pigmenta- 
tion of  the  cells  of  the  organ  often  extends  for  some  distance 
beyond  the  confines  of  the  tumor. 

Osteoid  Sarcoma. — This,  which  was  often  called  "  osteoid 
cancer,"  is  a  variety  of  sarcoma  (usually  spindle-celled)  in  which 
the  growth  is  either  more  or  less  calcified,  or  has  partially  be- 
come converted  into  true  bone.  As  a  primary  growth  it  is  met 
with  almost  exclusively  in  connection  with  bone,  growing  either 
from  the  periosteum  or  the  medulla;  but  the  osteoid  characters 
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are  usually  reproduced  in  secondary  tumors  occurring  in  the 
lungs  and  other  parts. 

Calcification  is  much  more  common  than  true  ossification; 
they  may  occur  separately,  but  are  often  combined.  Bands  and 
patches  of  granular  appearance,  in  which  the  outlines  of  cells 


Calcifying  sarcoma.  From  a  secondary  tumor  of  the  lung.  Showing  the  calcification 
of  a  spindle-celled  growth,  and  the  formation  of  broad  bands  of  calcified  intercellular 
material  enclosing  spaces  which  contain  round  and  oval  cells.      X  200. 

may  still  be  visible,  or  in  which  all  structure  has  disappeared, 
and  which  stain  but  slightly,  show  where  calcification  has  oc- 
curred. (Fig.  42.)  In  other  parts,  especially  near  the  bone, 
"spicules  having  the  structure  of  more  or  less  perfect  bone — 

Fig.  43. 


Ossifying  sarcoma  of  lower  jaw.  s.  Sarcoma  tissue.  6.  New  bone,  growing  from  jaw,  of 
which  the  structure  is  fairly  typical,  p.  Point  of  commencing  ossification.  Only  nuclei 
of  cells  are  indicated;  close  to  the  bone  the  stroma  is  very  fibrous.    X  40. 

Haversian  canals,  lacunae,  and  imperfect  canaliculi — will  be  seen 
penetrating  the  growth.     (Fig.  43.)     The  spicules  are  generally 
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vertical  to  the  surface  of  tlie  bone.     In  some  cases  a  skeleton  of 
bony  spines  radiates  from  the  bone  through  the  growth. 

Both  calcification  and  ossification  may  be  very  complete,  only 
a  thin  margin  of  sarcoma  tissue  being  left  unaffected.  In  the 
canals  and  spaces  fibres  often  develop.  A  simple  osteoma  would 
have  cartilage  or  periosteum  on  its  surface  and  would  be  of 
much  slower  growth.  It  is  most  important  to  recognize  the 
difference. 

Round-celled  Sarcoma. 

This  is  of  softer  consistence  than  the  spindle-celled  growths, 
and  from  its  frequent  resemblance  in  physical  characters  to 
encephaloid,  it  is  sometimes  known  as  "  medullary,"  "encepha- 
loid,"  or  "soft"  sarcoma.  Histologically,  it  is  elementary 
embryonic  tissue,  consisting  mainly  of  the  round  cells  already 
described,  embedded  in  a  scanty  and  usually  soft,  homogeneous, 
or  finely  granular  intercellular  substance.  (Fig.  44.)  The  cells 
usually  resemble  those  met  with  in  the  most  elementary  em- 
bryonic tissue;  less  frequently  they  are 
^^^-  ^^-  larger,  and  contain  large  round   or  oval 

nuclei,  with  bright  nucleoli.  There  is  an 
almost  complete  absence  of  fusiform  cells, 
and  of  the  partial  fibrillation  which  is  so 
frequent  in  the  more  highly  developed 
spindle-celled  variety. 
Bound-celled  sarcoma.  A  The  rouud-celled  sarcomata  are  of  a 
thin   section   of   a  small     uniform  soft,  brain-like  consistence,  some- 

round-celled  sarcoma  of  the  ,  .  in 

liver.    X  200.  what    transluccnt    or    opaque,    and    of    a 

grayish  or  reddish-white  color.  On  scrap- 
ing the  cut  surface,  they  yield  a  juice  which  is  rich  in  cells. 
They  are  exceedingly  vascular,  the  vessels  often  being  dilated 
and  varicose,  and,  from  their  liability  to  rupture,  they  frequently 
give  rise  to  ecchymoses  and  to  the  formation  of  sanguineous  cysts. 
(See  "Blood-cysts.")  They  grow  from  the  cutis,  the  subcuta- 
neous cellular  tissue,  the  periosteum,  the  fasciae,  and  the  con- 
nective tissue  of  organs.  They  extend  rapidly  by  peripheral 
growth,  infiltrate  the  surrounding  structures,  reproduce  them- 
selves in  internal  organs,  and  often  involve  the  lymphatic  glands. 
From  their  clinical  and  physical  characters,  these  tumors  are 
very  liable  to  be  confounded  with  encephaloid  cancer :  they  are 
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distinguished  by  the  absence  of  an  alveolar  stroma,  and  by  the 
penetration  of  the  intercellular  substance  between  the  individual 
cells. 

Glioma. — This  is  a  variety  of  round-celled  sarcoma  growing 
from  the  neuroglia  or  connective  tissue  of  nerve.  It  consists  of 
very  small  round  cells,  embedded  in  an  exceedingly  scanty, 
homogeneous,  granular,  or  slightly  fibrillated  intercellular  sub- 
stance.    (Fig.  45,  a.)     Some  of  the  cells  may  possess  fine  pro- 


1 

Sarcomatous  tumors  from  the  brain,  a.  A  glioma  of  cerebellum.  This  represents  the 
appearance  ordinarily  presented  by  these  growths.  6.  A  comparatively  rare  form  of 
sarcoma,  which  consists  of  large  nucleated  cells  enclosed  within  the  meshes  of  a  vascular 
network.  The  development  of  this  tumor  took  place  in  the  brain  subsequently  to  that  of 
^spindle-celled  growths — primarily  in  the  thigh,  and  secondarily  in  the  lung,     X  200. 

longations  which,  by  communicating  with  one  another,  form  a 
somewhat  reticulated  structure.  These  tumors  occur  in  the 
gray  and  white  substance  of  the  brain,  in  the  cranial  nerves,  and 
in  the  retina.  In  the  retina  they  usually  commence  as  a  minute 
nodule,  which  may  gradually  increase  until  it  projects  as  a  large 
fungating  tumor  from  the  orbit.  They  are  not  encapsuled,  and 
although  they  may  occasionally  infiltrate  the  tissues  in  which 
they  lie,  and  cause  secondary  growths  in  their  immediate  vicinity, 
they  very  rarely  reproduce  themselves  in  the  lymphatic  glands 
or  in  internal  organs.  They  are  liable  to  small  hemorrhages 
into  their  structure,  and  sometimes  become  more  or  less  caseous. 

Lympho-sarcoma. — This  is  a  round-celled  sarcoma,  in  which 
the  matrix  has  developed  into  a  more  or  less  perfect  reticulum, 
like  that  of  lymphoid  tissue.  It  may  begin  in  lymphatic  glands, 
or  in  connective  tissue  elsewhere.  It  is  distinguished  from 
lymphoma  by  its  more  rapid  course,  and  by  the  formation  of 
secondary  growths  by  embolism. 

Alveolar  Sarcoma. — This  is  a  rare  form  of  round-celled 
sarcoma,  which  was   first   described  by  Billroth.      The   cells. 
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which. are  large,  sharply  defined,  round  or  oval  in  shape,  and 
enclose  prominent  round  nuclei,  are  separated  from  each  other 
by  a  more  or  less  marked  fibrous  stroma.  In  some  parts  this 
stroma  forms  small  alveoli  within  which  the  cells  are  grouped ; 
but  careful  examination  will  always  show  that  in  most  parts  of 
the  section  the  stroma  really  penetrates  between  the  individual 
cells.  It  is  this  last-named  character 
^^^'  ^^'  which  serves  to  distinguish  these  tumors 

^-I'^^itlJ^  ^  from  the  cancers,  with  which,  in  many 

,r  '  v^^  cases,  they  may  easily  be  confounded. 

"■''"        The  accompanying  drawing,  made  from 
a  preparation  kindly  lent  to  me  by  Mr. 
R.  J.  Godlee,  shows  well  their  micro- 
scopical   characters.     (Fig.    46.)      The 
""'  stroma  is  often  much   more  delicate; 

Alveolar  sarcoma.       From    a  j      .i  n  t 

f ,,     , .     ^^  „„„  and   the    cell-masses   are   more   rarely 

tumor  of  the  skin.  X  200.  J 

much  larger  than  in  the  drawing.  The 
cells  are  in  close  connection  with  the  stroma.  Vessels  never 
pass  in  among  them.  Ziegler  says  the  alveolar  structure  is  due 
to  transformation  of  intervascular  tissue  into  cells  whilst  the 
vessels  with  some  connective  tissue  remain  as  septa.' 

Alveolar  sarcomata  are  met  with  principally  in  the  skin, 
bones,  and  muscles.  In  the  skin,  where  they  are  often  multiple, 
they  lead  to  ulceration.  They  tend  to  recur  locally,  and  also  to 
reproduce  themselves  in  internal  organs. 


Myeloid  Sarcoma. 

This,  which  is  the  well-known  myeloid  tumor,  is  somewhat 
allied  to  the  spindle-celled  growths.  It  possesses,  however, 
certain  histological  peculiarities  which  probably  depend  upon 
the  characters  of  the  tissue  from  which  it  grows.  Myeloid 
tumors  nearly  always  occur  in  connection  with  bone,  and  most 
frequently  originate  in  the  medullary  cavity.  They  consist  of 
the  large,  many  nucleated  cells  already  described  as  "  myeloid 
cells  " — which  resemble  the  cells  of  the  medulla  in  a  state  of 
excessive  nutritive  activity — together  with  numerous  fusiform 
cells  like  those  met  with  in  the  spindle-celled  varieties.  There 
are  also  some  smaller  round  and  oval  elements.  The  large 
myeloid    cells    which    give   to    these   tumors    their    distinctive 
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characters,  are  usually  much  more  numerous  in  those  growths 
which  originate  in  the  medullary  cavity  than  in  those  which 
spring  from  the  periosteum.  These  various  forms  of  cells  are 
almost  in  contact,  there  being  very  little  intercellular  substance. 
(Fig.  47.)  The  growths  are  sometimes  very  vascular,  so  much 
as  to  give  rise  to  distinct  pulsation.     They  often  contain  cysts. 


Pig.  47. 


Myeloid 


sarcoma. 


(Virchow. 


Myeloid  tumors  almost  always  grow  in  connection  with  bone, 
the  heads  of  the  long  bones  being  their  favorite  seat.  They  are 
also  frequently  met  with  springing  from  the  periosteum  of  the 
upper  and  lower  alveolar  processes,  where  they  constitute  one 
form  of  epulis.  When  originating  within  the  medullary  cavity, 
the  compact  tissue  of  the  bone  becomes  expanded  over  them, 
and  they  thus  often  communicate  on  palpation  the  peculiar 
sensation  known  to  surgeons  as  "  egg-shell  crackling."  These 
tumors  are  for  the  most  part  of  firmer  consistence  than  the  other 
varieties  of  sarcoma;  many  of  them  are  firm  and  fleshy,  although 
others  are  softer,  more  resembling  size-gelatine.     They  are  not 
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pulpy  .  and  grumous  like  the  soft  sarcomata,  neither  do  they 
present  the  fasciculated  appearance  of  the  spindle-celled  varieties. 
Their  cut  surface  has  a  uniform  succulent  appearance,  often 
mottled  with  patches  of  red.  This  red-brown  or  maroon  color 
(Paget)  varies  with  the  number  of  giant-cells  present,  and  is 
very  characteristic.  They  are  often  encapsuled  by  the  periosteal 
covering  of  the  bone  from  which  they  grow.  They  are  rare  after 
middle  life,  and  are  the  least  malio;nant  of  all  the  sarcomata. 


Blood-cysts. 

Tumors  are  occasionally  met  with  into  which  so  much  hemor- 
rhage has  taken  place  as  to  mask  their  real  nature,  and  to  give 
to  them  the  appearance  of  blood-cysts.  The  nature  of  these 
blood-cysts  has  only  recently  been  understood.  They  are  now 
known  to  be  in  the  majority  of  cases  soft,  round,  or  spindle- 
celled  sarcomata.  They  consist  of  broken-down  blood-coagula, 
surrounded  by  an  ill-defined  layer  of  soft  sarcoma-tissue.  The 
microscope  will  also  usually  reveal  sarcomatous  elements 
amongst  the  altered  blood.  These  growths  are  exceedingly 
malignant,  and  hence  the  recognition  of  their  'sarcomatous 
origin  is  all-important. 

Clinical    Characters    of  the    Sarcomata. 

The  sarcomata  occur  most  frequently  in  early  and  middle  life, 
and,  next  to  the  carcinomata,  are  the  most  malignant  of  the  new 
formations.  They  are  especially  characterized  by  their  great 
tendency  to  extend  locally  and  to  infiltrate  the  surrounding 
structures,  so  that  they  are  exceedingly  prone  to  recur  in  loco 
after  removal.  Butlin  has  shown  that  sarcomata  of  certain 
parts  almost  alwaVs  affect  lymphatic  glands,  and  early — namely, 
those  of  the  testis,  tonsil,  lymphatic  glands,  and  some  fascise. 
Those  of  certain  other  parts  never  do ;  so  that,  on  the  whole, 
sarcomas  present  a  contrast  to  cancers  in  this  respect.  They  are 
also  very  liable  to  become  generally  disseminated,  although  this 
is  not  usual  in  the  earlier  stages  of  the  disease.  The  secondary 
growths  occur  most  frequently  in  the  lungs.  The  dissemination 
is  effected  by  means  of  the  blood,  and  is  owing  to  the  thinness 
of  the  walls  of  their  bloodvessels  and  to  the  immediate  contact  of 
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these  with  the  cells  of  the  growth — conditions  most  favorable  to 
the  entrance  of  the  cellular  elements  into  the  circulation.  The 
dissemination  of  the  sarcomata  is,  on  this  account,  sometimes 
more  rapid  than  that  of  the  carcinomata.  In  the  latter,  extension 
in  the  early  stage  takes  place  principally  by  the  lymphatics,  and 
dissemination  by  the  blood  occurs  only  later  in  the  disease.  The 
secondary  sarcomata  usually  resemble  the  primary  one,  but  in 
exceptional  cases  the  several  varieties  may  replace  one  another. 

These  malignant  properties,  as  has  been  seen,  are  possessed  by 
the  different  varieties  of  sarcoma  in  very  different  degrees.  As 
a  rule,  the  softer  and  more  vascular  the  tumor,  and  the  less  its 
tendency  to  form  a  fully  developed  tissue,  the  greater  is  its  malig- 
nancy. The  soft,  round-celled,  and  large  spindle-celled  varieties 
are  thus  usually  much  more  malignant  than  the  firmer,  small 
spindle-celled  growths.  Their  infiltrating  powers  are  much 
greater,  they  sometimes  infect  the  lymphatic  glands,  and  tend  to 
reproduce  themselves  very  rapidly  in  internal  organs.  Many  of 
the  small  spindle-celled  tumors,  after  removal,  never  recur; 
whilst  others  recur  locally  several  times,  and  ultimately  reproduce 
themselves  in  distant  parts.  As  a  rule,  largeness  of  the  spindle 
'elements  and  the  existence  in  many  of  them  of  more  than  one 
nucleus,  is  an  evidence  of  special  malignancy.  Central  sarcomata 
of  bone  are  much  less  malignant  than  subperiosteal ;  the  latter, 
with  sarcomata  of  the  tonsil  and  testis,  and  melanotic  sarcoma  of 
skin,  being  among  the  most  malignant  of  tumors.  The  presence 
of  a  capsule  limiting  the  growth  must  also  be  taken  into  account 
in  judging  of  the  degree  of  its  malignancy.  It  must,  however, 
be  borne  in  mind  that  even  in  a  growth  distinctly  encapsuled,the 
sarcomatous  elements  may  invade  the  adjacent  structures.  The 
myeloid  growths  are  the  least  malignant;  they  may  in  exceptional 
cases  give  rise  to  secondary  growths  in  internal  organs,  but 
"complete"  removal  gives  a  very  good  chance  of  non- recurrence. 
This  sometimes  occurs  with  growths  having  every  appearance  of 
malignancy. 
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CHAPTER    XIX. 

THE    MYOMATA,    NEUROMATA,    AND    ANGIOMATA. 

The  Myomata. 

The  Myomata  are  tumors  consisting  of  muscular  tissue.  A 
new  formation  of  muscle  has  been  already  described  as  being 
frequently  associated  with  the  ordinary  process  of  hypertrophy, 
both  of  striated  and  of  non-striated  muscle — hyperplasia  of  the 
elements  of  the  muscle  accompanying  the  increase  in  their  size. 
(See  p.  111.) 

Structure.^ The  myomata  consist  either  of  striated  or  of 
non-striated  muscle.  The  striated  are  exceedingly  rare,  only  two 
or  three  examples  having  been  recorded,  and  these  were  con- 
genital. Striated  cells,  generally  with  non-striated,  occur  in 
sarcomata  of  the  kidney  and  testis  found  in  young  children. 

The  myomata  of  non-striated  muscle  consist,  like  the  physio- 
logical tissue,  of  elongated  spindle-cells  with  rod-shaped  nuclei, 
more  or  less  isolated  or  grouped  into  fasciculi  of  various  sizes, 
with  a  varying  quantity  of  connective  tissue.  The  muscular  ele- 
ments either  present  a  more  or  less  regular  arrangement,  or  pass 
in  all  directions  through  the  tumor.  The  bloodvessels,  which 
are  usually  not  numerous,  are  distributed  in  the  connective  tissue. 

Development. — Striated  muscle-cells  in  congenital  growths  of 
organs  developed  from  the  Wolffian  body  are  probably  due  to  its 
inclusion  in  this  body  of  cells  from  the  adjacent  muscle-plates. 
The  much  more  common  non-striated  growths  probably  always 
originate  from  muscle.  These  may  form  distinctly  circumscribed 
tumors  surrounded  b}^  a  fibrous  capsule,  or  constitute  ill-defined, 
irregular  masses  in  the  midst  of  the  muscular  tissue  in  which 
they  grow. 

Secondary  Changes. — Of  these,  the  most  frequent  is  calcifica- 
tion. Hemorrhage,  mucoid  softening,  and  the  formation  of 
cysts,  are  occasionally  met  with ;  also  ulceration  and  necrosis. 

Seats,  etc. — ISTon-striated  myomata  are  most  frequently  met 
with  in  the  uterus.     They  occur  also  in  the  prostate,  the  cesoph- 
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agus,  and  the  stomach  and  intestines.  They  frequently  become 
pedunculated  and  form  polypi. 

Myoyna  of  Uterus.  The  uterus  is  by  far  the  most  frequent  seat 
of  myomata,  and  here  they  constitute  the  so-called  "uterine 
iibroid."  In  most  of  these  muscular  tumors  of  the  uterus  there 
is  a  large  proportion  of  connective  tissue — hence  the  terms 
"fibroid"  and  "fibro-myoma."  This  is  the  case  especially  in 
older  growths.  Those  newly  developed,  however,  consist  almost 
entirely  of  true  muscular  tissue.  They  either  form  firm,  hard 
masses,  embedded  in  the  uterine  walls,  or  project  into  the 
uterine  or  abdominal  cavities.  When  projecting  into  the  uterus 
they  constitute  a  common  form  of  uterine  polypus.  They  do 
not  form  till  after  puberty,  and  are  commonest  in  elderly  sterile 
females.  Their  growth  is  usually  slow.  Pregnancy  causes  them 
to  enlarge  rapidly,  and  they  undergo  some  involution  after 
delivery.  These  tumors  are  often  multiple.  The  older  ones 
are  liable  to  become  calcified.  They  also  sometimes  undergo 
mucoid  softening,  which  gives  rise  to  the  formation  of  cysts  in 
the  tumor. 

Clinical  Chaeacters. — Clinically,  the  myomata  are  perfectly 
innocent. 

The   Neuromata. 

The  l^euromata  are  tumors  consisting  almost  entirely  of  nerve- 
tissue.  The  term  "  neuroma"  has  been  applied  to  many  growths 
found  in  connection  with  nerves;  fibrous,  myxomatous,  and 
gummy  tumors  growing  within  the  nerve-sheath  have  been 
included  under  this  head.  True  neuroma,  however,  is  rarely  met 
with,  and  is  among  the  least  frequent  of  all  the  new  formations. 

Structure. — The  neuromata  most  commonly  consist  of  ordi- 
nary meduUated  nerve-fibres ;  they  therefore  resemble  in  structure 
the  cerebro-spinal  nerves,  from  which  they  most  frequently  grow. 
The  nerve-fibres  are  associated  with  more  or  less  connective 
tissue.  Yirchow  has  described  as  exceedingly  rare  formations, 
also  tumors  composed  of  non-meduUated  fibres,  and  of  ganglionic 
nerve-tissue. 

Development  and  Seats. — The  neuromata  always  originate 
from  preexisting  nerve-tissue — either  from  the  cranial  or  from 
the  spinal  nerves.     Their  growth  is  slow,  they  rarely  attain  a 
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large,  size,  but  usually  exist  as  small  single  nodules.  The 
bulbous  ends  of  nerves  in  stumps  are  by  some  called  amputation- 
neuromata.  They  often  consist  only  of  fibrous  tissue,  but  may 
contain  rolled-up  nerve-fibres^attempts  at  regeneration  rather 
than  a  tumor.  They  are  usually  intimately  connected  with  the 
cicatricial  tissue  of  the  stump.  Small  tumors,  single  or  multiple, 
may  occur  on  any  nerve,  generally  on  superficial  ones.  The 
majority  of  them  are  fibromata  or  myxomata;  but  some  contain 
nerve-fibres. 

Clinical  Characters. — Clinically,  the  neuromata  are  per- 
fectly innocent  tumors.     They  often  cause  considerable  pain. 

The   Angiomata. 

The  Angiomata,  or  vascular  tumors,  consist  of  bloodvessels 
held  together  by  a  small  amount  of  connective  tissue.  They 
include  the  various  forms  of  nsevi,  and  aneurism  by  anastomosis. 
They  may  be  divided  into  two  classes — the  simple  or  capillary 
angiomata,  in  which  the  new  vessels  resemble  chiefly  normal 

Fig  48. 
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Capillary  nxvus  from  sxihcutaneous  tissue  of  a  child.     Cap.  Vessels  of  new  growth, 
n,  normal  artery;  /,  fat-cells;  c,  capsule.     X  200,  reduced  i. 

capillaries  ;  and  the  cavernous  or  venous  angiomata,  in  which  the 
blood  circulates  in  a  cavernous  structure  similar  to  that  of  the 
corpus  cavernosum  penis.  The  characters  of  both  are  well 
shown  in  the  accompanying  drawings,  made  from  specimens 
kindly  lent  by  Mr.  Boyd. 
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Simple  Angiomata. — These  consist  of  tortuous  and  dilated 
capillary  vessels,  held  together  by  a  small  quantity  of  connec- 
tive and  adipose  tissue.  (Fig,  48.)  It  is  doubtful  what  proportion 
of  the  vessels  is  due  to  dilatation  of  the  original  capillaries; 
but  Ziegler  thinks  that  many  are  formed  this  way.  Some  are  of 
new  formation.  Very  irregular  dilatations  are  common.  The 
capillary  walls  may  be  thin  or  thick,  consisting  of  a  double  tier 
of  cells.  One  or  two  supplying  arteries  can  be  seen  in  most 
sections.  These  growths  generally  occupy  the  superficial  layers 
of  the  cutis,  and  form  the  port-wine  stains  and  mother's  marks; 
they  are  slightly  or  not  at  all  elevated.  Others  lie  in  the  sub- 
cutaneous or  submucous  tissue,  and  may  form  large  tumors. 
Their  color  is  red,  violet,  or  purple,  according  to  the  depth  of 
the  vessels  and  the  rate  of  flow  through  them;  the  most  frequent 

Fig.  49. 


Cavernous  nievus  of  liver.  From  a  woman  aged  39.  ss.  Large  spaces  bounded  by  fibrous 
walls,  some  containing  blood  debris;  c.  Liver  cells  (too  large)  toward  which  the  growth 
is  bounded  by  thick  fibrous  walls.     X  40,  reduced  J. 


color  is  red  when  superficial,  bluish  when  subcutaneous.  They 
are  probably  always  congenital,  though  they  may  not  be  noticed 
for  a  few  weeks  after  birth. 

Simple  angioma  is  often  combined  with  lipoma,  glioma,  sar- 
coma.    Sometimes  cysts  containing  dark  fluid  form. 


166  THE    PAPILLOMATA. 

Cavernous  Angiomata.  —  These  are  the  venous  vascular 
tumors.  The  growth  is  made  up  of  irregular  fibrous  alveoli, 
which  communicate  freely  with  one  another,  and  are  lined  with 
an  endothelium  similar  to  that  of  the  veins  (Fig.  49).  These 
spaces  are  distended  with  blood,  which  is  supplied  to  them  by 
numerous  tortuous  vessels,  and  circulates  with  varying  degrees 
of  rapidity.  The  arteries  open  directly  into  the  spaces.  These 
growths  are  commonly  of  a  bluish  color.  They  may  be  diffuse,  or 
form  distinctly  circumscribed  tumors.  They  sometimes  exhibit 
distinct  pulsation.  Their  favorite  seat  is  the  skin  and  subcu- 
taneous tissue.  They  may  occur  also  in  the  orbit,  muscle,  liver, 
spleen,  and  kidneys.  They  may  develop  by  dilatation  of  the 
vesssls  of  a  simple  angioma.  They  may  be  congenital ;  but  in 
the  liver  Ziegler  thinks  they  develop  after  middle  age,  when  the 
cells  begin  to  atrophy. 

Aneurism  by  Anastomosis. — The  arteries  of  an  area,  especially 
on  the  head,  become  dilated,  greatly  elongated,  and  tortuous ; 
perhaps  new  vessels  form.  Some  are  congenital,  others  follow 
injuries. 
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The  Papillomata  are  new  formations  resembling  in  structure 
ordinary  papillae,  and  like  these  they  grow  from  cutaneous, 
mucous,  or  serous  surfaces,  and  from  the  interior  of  cysts.  As 
all  new  growths  on  free  surfaces  tend  to  become  papillary,  it  is 
probably  the  result  of  physical  conditions.  A  wart,  then,  is  a 
fibroma  which  has  become  papillary  by  an  accident  of  position. 

Structure. — They  consist  of  a  basis  of  often  richly  cellular 
connective  tissue,  which  sends  toward  the  surface  numerous 
papillary  processes,  each  supporting  bloodvessels  which  end  in 
a  capillary  network  or  single  loop,  the  whole  being  enveloped 
in  a  covering  of  epithelium.  (Fig.  50.)  The  epithelial  covering 
varies  in  character  in  diflerent  growths.     In  those  of  the  skin, 
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it  is  often  very  abundant,  and  the  superficial  layers  are  hard 
and  stratified,  forming  a  dense,  firm  covering.  In  those  origi- 
nating from  mucous  surfaces,  the  epithelium  forms  a  thinner 
investment,  and  is  of  a  much  softer  consistence ;  whilst  in  those 


Fig.  50. 


Section  of  wart  on  skin  of  abdomen,  e.  Epithelium;  c.t.  Connective  tissue  continuous 
with  epidermis  and  cutis;  s.  Accumulation  of  horny  epidermis  deep  down  between  the 
papillse,  looking  in  section  like  large  nests.     X  1^0. 

growing  from  serous  membranes  it  often  constitutes  only  a 
single  layer. 

The  growth  may  be  simple — consisting  merely  of  enlarged 
papillae,  as  in  a  common  wart;  or  it  may  be  complex,  the  papillae 
being  very  numerous,  long,  and  branched,  giving  off  secondary 
and  tertiary  offsets.  If  the  investing  epithelium  be  very  abun- 
dant, it  may  so  enclose  the  whole  mass  as  to  give  to  it  a  more 
or  less  regular  outline.  More  commonly,  however,  this  is  not 
the  case ;  and,  the  epithelium  not  being  sufficient  to  fill  up  the 
spaces  between  the  papillse,  the  growth  presents  a  branched, 
villous,  or  cauliflower  appearance.  The  bloodvessels  are  often 
very  numerous,  and  are  sometimes  dilated  and  tortuous. 

Development. — The  papillomata  always  originate  from  the 
skin,  from  mucous  or  from  serous  membranes.  As  already 
stated,  they  owe  their  origin  usually  to  some  irritation,  and 
must  be  regarded  as  occupying  an  intermediate  position  between 
inflammatory  growths  and  tumors.  They  most  frequently  grow 
from  preexisting  papillse;  sometimes,  however,  they  occur  where 
no  papillae  exist,  springing  directly  from  the  subepithelial  con- 
nective  tissue;    this  is  the   case  in  the    stomach    and  larynx. 
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Their  growth  is  usually  slow.  The  individual  tumors  rarely 
attain  a  very  large  size,  the  larger  forms  being  for  the  most  part 
constituted  of  several  smaller  growths. 

Secondary  Changes. — Of  these,  ulceration  and  hemorrhage 
are  the  most  frequent.  They  occur  especially  in  those  growths 
which  originate  from  raucous  surfaces.  The  hemorrhage  is 
often  very  abundant,  and  may  even  endanger  life.  This  is  not 
unfrequently  the  case  in  the  papillary  growths  of  the  bladder 
and  intestine. 

Varieties. — The  varieties  of  papillary  tumors  depend  princi- 
pally upon  their  seat.  Those  growing  from  the  skin  include 
warts  and  horny  growths.  Warts  are  firm,  have  a  dense  epithelial 
covering,  and  are  less  prone  to  ulceration  and  hemorrhage  than 
those  growing  upon  other  parts.  Horny  growths  appear  usually 
to  originate  in  the  sebaceous  follicles,  by  a  continuous  prolifera- 
tion of  their  epithelium.  The  epithelium,  together  with  the 
sebaceous  secretion,  forms  a  projecting  horn,  which  increases  by 
growth  at  its  base.  Such  formations  hardly  come  within  the 
definition  of  papilloma.  Larger  and  more  vascular  papillary 
tumors  may,  however,  occur  on  cutaneous  surfaces — such  are 
the  condylomata  and  venereal  warts  met  with  around  the  anus  and 
upon  the  external  male  and  female  genital  organs,  as  the  result 
of  irritating  secretions. 

The  papillomata  of  mucous  membranes  are  softer  and  more 
vascular  than  the  preceding,  they  have  a  less  dense  epithelial 
covering,  and  are  more  prone  to  ulceration  and  hemorrhage. 
Many  of  them  come  within  the  category  of  mucous  polypi. 
They  are  met  with  on  the  tongue,  in  the  larynx  and  nose,  on 
the  gastro-intestinal  mucous  membrane,  on  the  cervix  uteri,  and 
in  the  bladder.  In  the  bladder  (villous  tumor)  and  intestine  they 
are  often  exceedingly  vascular,  and  give  rise  to  profuse  hemor- 
rhage. Here  they  are  not  unfrequently  confounded  with  villous 
epithelioma. 

Papillomata  of  serous  membranes  never  form  distinct  tumors. 
They  are  met  with  most  frequently  as  small  outgrowths  from  the 
synovial  membrane  in  chronic  diseases  of  joints. 

Clinical  Characters. — Clinically,  the  papillomata  are  inno- 
cent growths.  They  may,  however,  prove  fatal  from  continuous 
ulceration  and  hemorrhage;  this  is  especially  the  case,  as  already 
mentioned,  in  papillomata  of  the  bladder  and  intestine.    In  these 
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situations  they  are  easily  mistaken  for  epithelioma;  the  symptoms 
of  both  are  very  similar,  and  it  is  often  only  after  death  that  they 
can  be  distinguished.  In  the  case  of  the  bladder  a  papilla  may 
often  be  found  in  the  urine,  or  removed  in  the  eye  of  a  catheter. 
In  the  papillomata  the  epithelium  is  homologous,  being  situated 
only  upon  the  surface  of  the  papillae,  and  in  no  case  growing 
within  their  connective-tissue  basis.  In  the  epitheliomata,  on  the 
other  hand,  it  is  heterologous,  and  it  is  met  with  at  the  base  of 
the  tumor  in  the  subjacent  connective  tissue.  (See  Fig.  64.) 
It  is  important  to  remember  that  a  growth  which  is  primarily  a 
simple  papilloma  may  subsequently  become  an  epithelioma. 
(See  "Epithelioma.") 
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The  Adenomata — or,  as  they  are  more  commonly  called, 
glandular  tumors— are  new  formations  of  gland-tissue,  more  or 
less  atypical  in  structure,  having  an  abnormal  relation  to  the 
tissue  around  it,  and  incapable  of  performing  the  function  of 
the  gland  they  imitate.  Their  ducts  do  not  enter  those  of  the 
gland  from  which  they  spring. 

Structure. — In  structure  the  adenomata  resemble  the  race- 
mose or  tubular  glands. 

The  racemose  adenomata  consist  of  numerous  saccules  or  acini, 
lined  with  small  epithelial  cells,  which  are  often  two  or  three 
layers  deep.  The  acini  communicate  with  each  other,  and  are 
grouped  together,  being  separated  merely  by  connective  tissue, 
in  which  are  contained  the  bloodvessels.  The  connective  tissue 
varies  in  amount;  when  much  in  excess  of  the  normal  the 
growth  is  called  an  adeno-fihroma.  It  may  resemble  the  normal 
tissue,  or,  if  growing  rapidly,  it  will  be  much  more  richly 
cellular,  containing  round  and  spindle  elements ;  absolute  ana- 
tomical distinction  between  such  growths  and  sarcomata  is  im- 
possible.    The  structure  of  these  tumors  is  well  shown  in  the 
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accompanying  drawing,  made  from  a  specimen  kindly  lent  to 
me  by  Mr.  Cantlie.    (Fig.  51.) 

All  growths  originating  in  glandular  organs  may  be  associ- 
ated with  more  or  less  glandular  structure.  In  the  mamma, 
for  example,  sarcoma,  myxoma,  and  other  forms  of  tumor,  are 


Fig.  51. 


A  denoma  of  5 


X  200,  reduced  i. 


often  so  intermingled  with  the  gland-tissue  of  the  organ  that  it 
becomes  difficult 'to  say  which  is  the  predominant  structure. 
In  many  cases  it  is  evident  that  the  development  of  such  tumors 
is  accompanied  by  an  increase  of  the  gland-tissue  amongst  which 
they  grow.  Thus  are  produced  mixed  forms — adeno-sm^conia, 
adeno-myxoma,  etc.  These  are  not  adenomata,  because  the  stroma 
is  not  that  of  normal  gland. 

The  iubidar  adenomata  grow  from  mucous  membranes,  and 
consist  of  groups  of  tubules  lined  with  epithelium.  They  will 
be  again  alluded  to  hereafter. 

Development. — The  adenomata  almost  always  originate  from 
preexisting  gland-structures.  They  generally  grow  slowly,  and 
[jrobably  from  some  hitherto  quiescent  congenitally  misplaced 
rudiment ;  otherwise  it  is  difficult  to  explain  the  complete  encap- 
sulation and  separation  from  the  normal  gland  which  distinguish 
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adenoma  from  localized  hypertrophy.  The  latter  swelling 
remains  in  intimate  relation  with  the  gland,  and  is  probably 
often  of  inflammatory  origin. 

Secondary  Changes. — The  most  frequent  of  these  is  fatty 
degeneration  of  the  epithelium,  which  may  give  rise  to  the  for- 
mation of  small  caseous  masses  in  the  growth.  Dilatation  of  the 
saccules  and  tubules  into  cysts,  and  mucoid  softening,  are  also 
common.  The  origin  of  cancer  has  several  times  been  traced  to 
an  adenoma. 

Varieties. — The  word  adenoma  has  been  loosely  used,  as 
above  pointed  out,  so  as  to  include  all  new  formation  of  gland- 
tissue.     It  is  described  as  occurring  in  the  following  organs  : 

Mamma.  This  is  much  the  most  common  seat  of  adenoma,  or 
rather  of  adeno-fibroma ;  for  a  glandular  tumor  which  is  struc- 
turally indistinguishable  from  normal  breast  is  very  rare  (Fig. 
51).     The  arrangement  of  the  epithelium,  the  number  and  size 

Fig.  52. 


Adeno-fihromu  of  mamma.     Showing  new  growth  of  gland-structure  and  of  connective 
tissue.     X  100,  reduced  i. 

of  the  spaces,  the  proportion  of  stroma,  and  the  number  of  cells 
it  contains,  are  more  or  less  abnormal  (Fig.  52),  hence  the  second 
name  is  generally  most  applicable.    Tliese  tumors  are  called  also 


172  THE    ADENOMATA. 

"  Chronic  Mammary"  and  "Adenoid."  They  are  encapsuled; 
round,  oval,  or  lobulated ;  lying  in  or  on  the  breast.  They  are 
of  hard  elastic  consistence ;  their  section  is  convex  rather  than 
cupped,  of  fibrous  appearance,  often  lobulated,  or  showing  a 
racemose  structure  even  to  the  naked  eye.  These  tumors  are 
most  common  in  early  life.  They  may  be  multiple.  Many  adeno- 
fibromata  contain  cysts,  which  may  be  very  numerous,  and  vary 
in  size  from  slight  dilatations  of  ducts  and  acini  up  to  cavities 
holding  some  ounces.  They  contain  yellow,  mucoid  fluid,  which 
may  be  reddish  or  brown  from  extravasated  blood.  Many  are 
lined  with  cylindrical  epithelium  like  that  of  the  gland-spaces ; 
but  others  appear  to  be  formed  by  localized  softenings  of  the 
stroma.       At  first  they  appear   on    section  like  irregular  and 


-.^  ^,/',^""  -P       ,^S?^'^=^ 


'-TSSS^^ 


■'■^L^ 


Papillary  growth  inside  an  ovarian  cyst,  projecting  from  its  wall  (ir).  They  consist  of 
loose  connective  tissue  (c),  containing  many  branched  cells,  covered  by  a  layer  of  columnar 
cells  (e).     Secondary  processes  are  numerous  {p).     X  40,  reduced  i. 

branched  fissures,  then  like  spaces  full  of  fluid ;  but  in  other 
cases  these  are  almost  completely  filled  by  papillary  fibrous 
growths  covered  b}^  cubical  epithelium,  which  grow  in  from  their 
wall.  These  cystic  growths  are  called  cystic  adenoma;  or,  if  the 
stroma  is  richly  cellular,  cystic  adeno-sarcoma. 
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The  non-cystic  growths  must  be  distinguished  from  local  and 
general  hypertrophies  of  the  gland. 

Ovary.  Many  compound  ovarian  cysts  are  really  cystic  tubular 
adenomata,  and  often  contain  papillary  growths.     (Fig.  53.) 

Testis.  'Eo  pure  adenomata,  but  mixed  tumors,  like  those  in 
the  parotid,  occur. 

Prostate.  Some  of  the  tumors  which  form  in  this  body  in 
advanced  age  contain  glands  as  well  as  muscle  and  connective 
tissue  (Adeno-myoma). 

Thyroid.  Apart  from  the  hypertrophy  of  endemic  goitre  and 
Graves's  disease,  distinct  tumors  having  the  structure  of  the 
thyroid  occur  in  its  substance. 

Parotid.  Pure  glandular  tumors  are  infrequent,  and  the 
gland-epithelium  is  generally  very  atypical.  Fibro-adenomata 
are  commoner;  but  the  ordinary  "  parotid  tumor"  is  "  mixed," 
containing  cartilage,  mucous  tissue,  etc.  The  other  salivary 
glands  are  much  more  rarely  aifected. 

Fig.  54. 
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Lobule  of  a  sebaceous  adenoma,  c.t.  Connective  tissue  containing  many  cells,  and 
forming  capsule  and  septa,  e.  Saccule  full  of  epithelial  cells,  few  of  which  show  signs 
of  fatty  degeneration — a  clear  space,  pushing  nucleus  aside.  In  larger  saccules  degenera- 
tion is  more  general  and  extreme  (/.c).     X  200. 

Liver.  Small  encapsuled  tumors  having  the  structure  of  the 
liver  are  rarely  found. 

Glands  of  Mucous  Membranes.  Racemose  glands — mucous, 
Brunner's — may  hypertrophy  like  the   above.      Gland-tissue 
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enters  largely  into  the  structure  of  some  of  the  "mucous" 
polypi  which  spring  from  every  mucous  membrane,  especially 
in  catarrhal  states.  In  some  cases  the  glands  probably  enlarge 
primarily,  project,  and  become  polypoid.  In  other  cases  it  is 
thought  that  localized  increase  of  coimective  tissue  from  inflam- 
mation may  necessitate  increase  of  the  epithelial  structures  in 
relation  with  it.  Polypi  of  the  nose,  stomach,  intestines,  rectum, 
and  uterus  are  examples.  The  connective  tissue  is  soft  and 
oedematous;  the  surface  is  covered  by  the  epithelium  of  the 
part. 

Sebaceous  and  Sweat  Glands.  "Adenomata"  of  these  are 
hyperplasia  rather  than  tumors;  being  uniform  enlargements 
of  the  glands.  Fig.  54,  from  a  specimen  of  Mr.  Boyd's,  shows 
a  small  portion  of  a  sebaceous  "adenoma"  from  the  chin  of  a 
child. 

Calcification  of  the  epithelial  masses  may  occur,  and  Malherbe 
has  shown  that  ossification  of  the  fibrous  stroma  may  also  take 
place;  such  tumors  are  rare,  and  have  been  called  osteomata 
of  the  skin. 

Adenomata  afford  further  support  to  Cohnheim's  view  con- 
cerning the  nature  of  malignancy  (p.  126).  Almost  invariably 
an  adenoma  or  adeno-fibroma  proves  perfectly  innocent.  But 
now  and  again  cases  occur  which  appear  clinically  and  micro- 
scopically to  be  ordinary  adenomata,  but  which  recur  locally 
after  removal.  It  is  no  explanation  to  call  these  sarcomata. 
Again,  there  are  several  cases  on  record  of  generalization  of 
tumors  having  the  structure  of  normal  thyroid;  also  some  of 
ovarian  adenoma. 

The  lumina  of  racemose  adenomata  are  sometimes  filled  up 
with  epithelial  cells ;  it  is  then  impossible  to  distinguish  them 
microscopically  from  scirrhus  in  its  earliest  stage — that  of  mul- 
tiplication of  epithelium.  Indeed,  the  origin  of  cancer  from 
adenomata  has  several  times  been  proved  microscopically  and 
clinically. 

As  sarcoma-tissue  passes  insensibly  into  fibrous,  it  is  often 
impossible  to  say  with  certainty  which  name  should  be  applied 
to  the  stroma  of  a  tumor  containing  gland-tissue. 
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THE    CARCINOMATA. 


The  Carcinomata  or  Cancers  are  most  atypical  new  formations 
of  cells  of  the  epithelial  type,  grouped  irregularly  in  the  alveoli 
of  a  more  or  less  dense  fibroid  stroma.  The  "  epithelial  type  " 
implies  origin  from  epi-  or  hypo-blast,  and  the  absence  of  inter- 
cellular substance ;  it  does  not  imply  any  specific  form  of  cell. 

The  alveolar  structure,  seen  on  section,  has  caused  it  to  be 
said  that  cancer  is  an  atypical  gland-structure.  Every  tumor 
is  atypical  morphologically  and  physiologically;  almost  all  are 
so  structurally.  But  in  cancer  we  have  epithelial  cells,  often  of 
the  most  abnormal  form,  filling  up  the  lumina  of  gland-tubes 
(if  it  start  from  a  gland),  bursting  through  their  basement  or 
limiting  membrane,  and  ramifying  in  the  spaces  of  connective 
tissue.     There  is  no  type  for  such  a  process  as  this. 

The  cells  vary  markedly  in  character  according  as  they  spring 
from  stratified  epithelium,  columnar  epithelium,  or  the  epi- 
thelium of  acinous  glands.  They  inherit,  to  a  greater  or  less 
extent,  the  form  and  tendencies  of  the  variety  of  epithelium 
from  which  they  originate.  Thus,  cells  of  cancers  springing 
from  stratified  epithelium  tend  also  to  undergo  the  ordinary 
epithelial  evolution,  ending  in  cornification ;  and  in  many  cases 
they  show  prickle-cells.  Columnar  epithelium  often  retains  its 
typical  form,  and  continues  to  surround  open  spaces;  but  in 
other  cases  the  cells  multiply  so  as  to  fill  the  spaces,  the  outer- 
most cells  generally  retaining  a  cylindrical  shape.  Cells  of 
acinous  glands  undergo  no  evolution ;  by  multiplication  they 
produce  cells  of  their  own  kind,  which  may  be  much  altered  in 
shape  by  mutual  pressure.  Upon  the  retention  by  the  cells  of 
ancestral  characters,  the  three  chief  varieties  of  cancer  are  based 
— the  squamous  and  cylindrical-celled  epithelioma,  and  acinous  cancer. 
But  ancestral  peculiarities  are  not  always  retained.  Certain 
cancers  springing  from  stratified  epithelium — perhaps  from  the 
small  glands  in  relation  with  it — undergo  no  evolution,  and  are 
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indistinguishable  from  scirrhus;  and  tumors  springing  from 
columnar  epithelium  are  in  many  parts  exactly  similar  to  acinous 
cancer. 

The  name  epithelioma  was  given  to  cancers  springing  from  the 
epithelia,  in  opposition,  as  it  was  thought,  to  the  cancers  of  con- 
nective-tissue origin.  The  distinction  of  the  forms  is  of  much 
less  importance  now  that  the  epithelial  origin  of  all  is  coming 
to  he  more  and  more  recognized.     (See  "Development.") 

Typical  epitheliomata  are  so  easily  distinguishable  by  the  above 
characters  from  acinous  cancers  that  they  are  always  described 
separately.     We  shall  take  the  acinous  cancers  first. 

Structure. — The  definition  shows  that  we  have  to  describe, 
first,  the  epithelial  cells;  and,  secondly,  the  stroma  which  forms' 
the  spaces  in  which  they  lie. 

The  cells  are  characterized  by  their  large  size,  by  the  diversity 
of  their  forms,  and  by  the  magnitude  and  prominence  of  their 
nuclei  and  nucleoli.     (Fig.  55.)     In  size  they  vary  from  -g-i^  to 

Fig.  55.  Fig.  56. 


Cells  from   a   scirrhus   of  the  The  alveolar  stroma  from  a  scirrhus  of  the 

mamma.     X  350.  mamma.     The  cells  have  been  removed  by 

pencilling.     X  200. 

Y^Q-g-  of  an  inch  in  diameter,  the  majority  being  about  five  times 
as  large  as  a  red  blood-corpuscle.  They  are  round,  oval,  fusiform, 
caudate,  polygonal — exhibiting,  in  short,  every  diversity  of  out- 
line. These  variations  in  form  are  principally  owing  to  the 
mutual  pressure  to  which,  in  their  growth,  they  are  subjected. 
The  nuclei  are  large  and  prominent,  round  or  oval  in  shape,  and 
contain  one  or  more  bright  nucleoli.  The  nuclei  are,  perhaps, 
most  frequently  single,  but  two  are  often  met  with,  and  in  the 
softer  and  more  rapidly  growing  cancers  there  may  be  more. 
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The  cells  rapidly  undergo  retrogressive  changes,  hence  they 
usually  contain  molecular  fat.  They  are,  many  of  them,  exceed- 
ingly destructible,  so  that  sometimes  more  free  nuclei  than  cells 
are  visible.  Cells  precisely  similar  to  these  are  met  with  in 
other  morbid  growths,  and  also  in  the  normal  tissues.  There  is 
thus  no  specific  ''cancer-cells." 

The  stroma  varies  considerably  in  amount,  being  much  more 
abundant  in  some  specimens  than  in  others.  It  consists  of  a 
more  or  less  distinctly'  fibrillated  tissue  arranged  so  as  to  form 
alveoli  of  various  forms  and  sizes,  within  which  the  cells  are 
grouped.  (Figs.  56  and  58.)  These  alveoli  communicate  with 
one  another,  so  as  to  form  a  continuous  cavernous  system.  The 
characters  of  the  stroma  vary  with  the  rapidity  of  its  growth: 
if  this  is  rapid,  it  will  contain  some  round  and  spindle-shaped 
cells  (see  Figs.  60  and  05);  if,  on  the  other  hand,  it  is  slow,  or 
has  altogether  ceased,  the  tissue  will  contain  few  or  no  cells,  and 
will  be  denser  and  more  iibrous  in  character.  (Fig.  56.)  The 
latter  is  the  condition  in  which  it  is  most  commonly  met  with. 

Within  the  stroma  are  contained  the  bloodvessels.  These  are 
often  very  numerous,  arid  form  a  close  network  round  the 
alveoli.  They  are  limited  to  the  stroma,  and  never  pass  into 
the  epithelial  masses.  This  distribution  of  the  bloodvessels  is 
important,  as  distinguishing  the  carcinomata  from  the  sarco- 
mata, excepting  some  alveolar  sarcomata,  and  tumors  springing 
from  endothelium. 

In  addition  to  the  bloodvessels,  the  carcinomata  possess  also 
lymphatics.  These,  as  has  been  shown  by  MM.  Cornil  and 
Ranvier,  communicate  freely  with  the  alveoli.  This  explains 
the  great  tendency  of  cancer  to  infect  the  lymphatic  glands. 
The  characteristic  cancer-juice  consists  of  lymph  containing  cells 
scraped  or  pressed  from  the  alveoli. 

Development. — The  question  of  the  genesis  of  carcinoma  in- 
volves that  of  the  genesis  of  epithelium  generally.  It  is  main- 
tained by  most  histologists  that  epithelium  can  originate  only 
from  epithelium,  and  that  the  epiblast  and  hypoblast  are  the 
sources  from  which  all  epithelium  is  subsequently  derived. 
Others  admit  that  epithelium  may  originate  also  from  connec- 
tive tissue.  A  like  difference  of  opinion  exists  as  to  the  source 
of  the  epithelioid  cells  of  cancer.  By  many — as  Waldeyer, 
Thiersch,  and  Billroth — they  are  regarded  as  originating  only 
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from-  preexisting  epithelium.  Others  —  amongst  whom  are 
Virchow,  Liicke,  Rindfleisch,  and  Klebs  —  maintain  that  they 
may  be  derived  also  from  cells  belonging  to  the  connective 
tissue.  It  is  also  believed  by  some — as  Koster — that  many 
cancers  originate  from  the  endothelium  of  the  lymphatics — 
i.  e.,  specialized  connective-tissue  corpuscles. 

Nearly  all  modern  observations  tend  to  support  the  epithelial 
origin.  This  renders  it  impossible  for  true  cancer  to  develop  in 
any  mesoblastic  structure.  Cases  have  been  reported  of  primary 
cancer  in  lymphatic  glands,  in  bone,  in  the  membranes  of  the 
brain,  etc.  Here,  either  some  small  primary  growth,  which 
gave  rise  to  no  symptoms,  has  been  overlooked,  or  some  ab- 
normality has  existed,  such  as  a  detached  piece  of  mamma  lying 
near  the  axillary  glands,  or  foetal  inclusion  of  an  epithelial  rudi- 
ment; or  the  growth  was  one  of  those  sarcomata  which  can  be 
distinguished  from  true  cancer  only  by  the  closest  examination, 
or  even  by  working  out  their  development  (alveolar  sarcomata, 
cylindromata). 

Epithelial  cells  are  said  to  occur  round  a  cancer,  but  quite 
isolated  from  it,  lying  in  connective-tissue  spaces.  This  isola- 
tion is  very  ditScult  to  prove,  and  does  not  necessitate  the  origin 
of  the  cells  from  connective-tissue  elements.  For  they  may  have 
been  carried  by  the  lymph-stream,  aided  by  the  spontaneous 
movements  noted  in  cancer-cells  by  Carmalt.  Often  delicate 
chains  of  cells,  from  one  to  two  inches  long,  have  been  traced 
between  a  main  growth  and  an  apparently  isolated  nodule;  such 
a  chain  might  easily  be  interrupted.  "With  better  appliances, 
and  more  careful  work,  the  reported  cases  of  primary  meso- 
blastic cancer  are  getting  fewer  and  fewer. 

It  is  most  probable,  therefore,  that  a  cancer  originates  either 
in  the  growth  of  a  resting  embryonic  epithelial  rudiment  (Cohn- 
heim),  or  in  the  multiplication  of  some  epithelial  cells.  Other 
conditions  being  favorable  (see  "  Malignancy")  the  cells  burst 
through  any  limiting  or  basement  membrane,  and  grow  in 
among  the  fibres  of  the  connective  tissue  —  naturally  in  the 
directions  of  least  resistance — i.  e.,  often  into  lymph-spaces  and 
channels.  We  then  have  epithelial  cells  lying  actually  in  the 
lymph  current,  so  glandular  infection  is  easy  to  explain.  Where 
resistance  is  great  the  growing  cell-columns  are  narrow,  where 
it  is  slight  they  widen  out. 
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The  connective-tissue  bundles  of  the  part  at  first  alone  form 
the  stroma,  but  round-celled  infiltration,  the  result  of  more  or 
less  intense  inflammation  excited  by  the  epithelial  invasion,  soon 
appears.  The  round  cells  probably  form  fibroid  tissue,  which 
contracts.  At  first,  other  elements  of  the  part  may  persist  in 
the  stroma — e.g.,  fat-cells  in  the  breast,  plain  muscle-fibre  in  the 
prostate. 

With  this  mode  of  growth,  the  carcinomata  never  become 
encapsuled,  but  gradually  infiltrate  surrounding  structures.  This 
process  of  infiltration  is  very  characteristic,  and  is  more  marked 
in  cancer  than  in  any  of  the  malignant  growths.  A  zone  of 
small-celled  infiltration  is  seen  for  some  distance  around  the 
confines  of  the  tumor,  so  that  there  is  no  line  of  demarcation 
between  it  and  the  normal  structures.     (See  Fig.  57.) 

Secondary  Changes. — The  most  important  of  these  is  fatty 
degeneration.  This  always  occurs  to  a  greater  or  less  extent  in 
all  the  varieties  of  carcinoma.  The  more  rapid  the  growth,  the 
earlier  does  this  retrogressive  change  take  place,  and  the  greater 
is  its  extent;  hence  it  is  usually  most  marked  in  encephaloid. 
Jt  produces  softening  of  the  growth,  which  is  often  reduced  to  a 
pulpy,  cream-like  consistence.  Hemorrhage,  pigmentation, 
mucoid  and  colloid  degeneration  may  also  occur,  with  cyst- 
formation.  Cysts  may  be  due  also  to  blocking  of  ducts — e.g., 
in  the  mammae.  Calcification  is  very  rarely  met  with.  Forma- 
tion of  an  abscess  is  rare,  but  important. 

Varieties. — The  most  convenient  classification,  and  that 
which  is  now  generally  adopted,  divides  the  carcinomata  into 
two  chief  groups — acinous  cancer  and  epithelial  cancer;  acinous 
cancer  includes  as  varieties,  scirrhus  or  chronic  cancer,  encephaloid 
or  acute  cancer,  and  colloid  or  gelatiniform  cancer.  Epithelial 
cancer  includes  squamous  and  cylindrical-celled  epithelioma.  This 
division  is  based  principally  upon  the  relative  proportion  of  the 
stroma  to,  and  upon  the  type  of,  the  epithelial  elements. 

Scirrhus. 

Scirrhus  or  chronic  cancer  is  characterized  by  the  large  amount 
of  its  stroma  and  by  the  chronicity  of  its  growth.  The  slow 
development  of  scirrhus  probably  accounts  in  great  measure  for 
the  peculiarities  in  its  structure  and  physical  characters. 


180  THE    C  A  RCIN  O:\rATA. 

The  epithelial  growth,  although  at  first  it  may  be  luxuriant, 
quickly  subsides.  The  elements  soon  atrophy  and  undergo 
retrogressive  changes.  They  are  most  abundant  in  the  external 
portions  of  the  tumor,  where  growth  is  taking  place;  in  the 
central  portions  they  may  be  almost  entirely  wanting.  The 
accompanying  figures  (Figs.  57  and  58)  show  the  appearances 

Fig.  57. 


Scirrhu8  of  the  mamma.  A  thin  section  from  the  most  external  portion  of  the  tumor, 
showing  the  small-celled  infiltration  ("indifferent  tissue")  of  the  muscular  fibres  and 
adipose  tissue  in  the  neighborhood  of  the  gland.     X  200. 

presented  by  scirrhus  of  the  mamma  in  the  earlier  stages  of  its 
development. 

The  degeneration  of  the  epithelial  elements  is  probably  owing 
to  the  excessive  growth  of  the  stroma,  and  to  the  subsequent 


Scirrhus  of  the  mamma.     A  portion  of  the  tumor  somewhat  internal  to  that  represented 
in  Fig.  57,  showing  the  characteristic  alveolar  structure  of  the  cancer.     X  200. 

induration  and  contraction' which  it  undergoes.  It  quickly  as- 
sumes the  characters  of  cicatricial  tissue,  and  becomes  hard  and 
indurated.  This  causes  obstruction  and  obliteration  of  the 
bloodvessels  which  it  contains,  and  it  is  probably  to  this  inter- 
ference with  the  vascular  supply  that  the  arrest  in  the  develop- 
ment of  the  cancer  is  owing.  The  whole  of  the  central  portions 
of  the  growth  may  thus  ultimately  consist  simply  of  dense  fibroid 
tissue,  amongst  which  are  contained  atrophied  epithelial  cells 
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and  fatty  debris  (Fig.  59),  the  periphery  being  the  only  part 
where  the  epithelial  structure  is  visible.  The  amount  of  atrophy 
and  contraction  varies  considerably  in  diiferent  cases. 

The  physical  characters  of  scirrhus  are  in  the  same  way  due 
to  the  abundance  of  its  stroma.  The  growth  is  firm  and  hard, 
and  is  usually  depressed  in  the  centre,  owing  to  the  contraction 
of  the  fibroid  tissue  and  atrophy  of  cells.     This  is  very  charac- 

FiG.  59. 


a.  5 

Scirrhus  of  mamma.  A  section  from  the  more  central  portions  of  the  tumor,  showing 
the  atrophy  of  the  epithelial  cells,  the  diminution  in  the  size  of  the  alveoli,  the  fibroid 
tissue,  and  the  fatty  debris,     a.   Earlier  stage,     b.  More  advanced.      X  200. 

teristic  of  scirrhus  of  the  breast,  where  it  causes  retraction  of 
the  nipple  and  puckering  of  the  superjacent  structures.  The 
growth  is  very  hard,  and  creaks  under  the  knife.  The  surface 
of  the  section  is  generally  cupped,  and  of  grayish-white,  semi- 
translucent  appearance  ("  like  an  unripe  pear"),  more  or  less 
mottled  with  dots  and  streaks  of  opaque  yellow,  due  to  fatty 
epithelium  in  alveoli  or  milk-ducts.  The  latter  may  be  cystic. 
The  central  parts  are  pale  and  fibroid ;  the  more  external  are 
pink,  because  contraction  has  not  obliterated  the  vessels,  and 
less  firm  than  the  central  portions  of  the  growth.  They  yield, 
on  scraping,  a  juice  which  is  rich  in  nucleated  cells,  free  nuclei, 
and  granules. 

Scirrhus  is  most  commonly  met  with  in  the  female  breast, 
and  in  the  alimentary  canal  —  especially  in  the  oesophagus, 
pylorus,  and  rectum.  It  also  occasionally  occurs  in  the  skin. 
The  secondary  growths  to  w^hich  it  gives  rise  are  often  enceph- 
aloid. 

Encephaloid  Cancer, 

Encephaloid  or  acute  cancer  is  very  closely  allied  to  the  pre- 
ceding, from  which  it  differs  merely  in  the  greater  rapidity  of 
its  growth,  and  the  consequent  small  amount  of  its  stroma,  and 
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the  softness  of  its  consistence.  Encephaloid  and  scirrhus  cannot 
be  regarded  as  in  any  way  constituting  distinct  varieties  of  car- 
cinoma. There  are  all  intermediate  stages  between  them  (scirrho- 
encephaloid);  and  their  structural  and  clinical  differences  are 

Fig  60 


Encephaloid  cancer.  From  a  secondary  cancer  of  the  liver,  showing  the  large  size  of 
the  alveoli  inid  the  thinness  of  their  walls.  In  the  latter,  Fuiall  cells  are  visible.  The 
large  epithelial  cells  are  commencing  to  undergo  fatty  metamorphosis.     )<  200. 

accounted  for  by  differences  in  rapidity  of  growth,  which  pro- 
bably depend  upon  the  vascularity  of  the  part  in 'which  they 
are  situated. 

The  epithelial  growth  in  encephaloid  is  rapid  and  abundant; 
the  cells,  which  may  be  either  larger  or  smaller  than  those  in 
scirrhus,  quickly  undergo  fatty  degeneration,  so  tliat  often  more 
free  nuclei  than  cells  are  visible. 

The  proportion  of  stroma  is  very  small,  and,  owing  to  the 
rapidity  of  its  growth,  it  is  much  less  fibrous  than  that  of 
scirrhus,  and  does  not  undergo  a  similar  cicatricial  contraction. 
(Fig.  60.)  The  bloodvessels  are  often  very  abundant,  and  the 
tissue  supporting  them  being  soft  and  non-resistent,  hemorrhage 
occasionally  takes  place. 

Encephaloid  cancer  is  of  a  soft  brain-like  consistence,  the  cen- 
tral portions,  where  fatty  degeneration  is  most  advanced,  often 
being  completely  diffluent.  The  tumor  is  sometimes  more  or 
less  lobulated.  On  section,  the  undegenerate  parts  are  gray, 
pinkish,  soft,  and  translucent,  whilst  the  degenerate  form  a 
white  pulpy  mass,  much  resembling  brain-substance,  which  is 
often  irregularly  stained  with  extravasated  blood. 

Encephaloid  is  much  less  common  than  scirrhus  cancer.    It  is 
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most  frequently  met  with  in  internal  organs  as  a  secondary 
growth.  It  also  sometimes  occurs  primarily  in  the  testis  and 
mamma.  It  may  fungate  and  bleed  (fungus  hsematodes).  Many 
growths  formerly  described  as  encephaloid  cancer  are  soft 
sarcomata.     (See  p.  156.) 

Colloid  Cancer. 

Colloid,  alveolar,  or  getatiniform  cancer,  though  sometimes 
regarded  as  a  distinct  variety  of  cancer,  is  simply  one  of  the 
preceding  forms  which  has  undergone  a  mucoid  or  colloid 
change.  The  frequency  with  which  non-cancerous  growths 
which  have  undergone  these  forms  of  degeneration  have  been 
confounded  with  colloid  cancer,  has  already  been  alluded  to. 
(See  "  Colloid  Degeneration.") 

The  alveolar  structure  in  colloid  cancers  is  very  marked.  The 
alveoli  have  very  thin  walls;  they  are  large,  distinct,  and  more 
or  less  spherical  in  shape.     The  large  size  and  distinctness  of 

Fig.  61. 


Colloid  cancer.     Showing  the  large  alveoli,  within  which  is  contained  the  gelatinous 
colloid  material.     X  300.     (Rindfleisch.)*^ 

the  alveoli  are  owing  to  their  distention  by  products  of  degenera- 
tion. These  form  gelatinous  colloid  material,  which  is  glistening, 
translucent,  colorless,  or  yellowish,  and  of  the  consistence  of 
thin  mucilage  or  size-gelatine.  In  the  main  it  is  perfectly  struc- 
tureless; within  it,  however,  are  embedded  a  varying  number  of 
epithelial   cells.      (Fig.  61.)      These   cells   present   a   peculiar 
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appearance :  they  are  large  and  spherical  in  shape,  and  are 
distended  with  drops  of  the  same  gelatinous  material  as  that  in 
which  they  are  embedded.  (See  Fig.  61.)  Many  of  them  dis- 
play a  lamellar  surface,  their  boundary  being  marked  by  concen- 
tric lines.  It  would  appear  that  the  colloid  change  commences 
in  the  cells,  which  become  gradually  destroyed  in  the  process. 
In  other  cases  the  cells,  with  the  exception  of  slight  fatty  meta- 
morphosis, are  but  little  affected,  and  the  substance  distending 
the  alveoli  is  more  viscid  and  mucoid  in  character.  This  is  due 
to  a  mucoid  degeneration  of  the  intercellular  substance,  rather 
than  to  a  colloid  change  commencing  in  the  cells.  (See  "  Mucoid 
Degeneration.") 

Colloid  cancer  is  most  frequently  met  with  in  the  stomach,  in 
the  intestine,  ovary,  and  in  the  peritoneum.  In  the  latter  case 
it  is  either  secondary  or  the  growth  is  a  sarcoma. 


Epithelioma. 

Epithelioma,  or  epithelial  cancer,  constitutes  a  much  more  dis- 
tinct variety  of  carcinoma  than  either  of  the  preceding;    but 
transitional  forms  between  it  and  scirrhus  are  occasionally  met 
with.     It  differs  from  the  other  varieties  of  cancer  in  always 
growing    in    connection    with    a   cuta- 
neous   or    mucous    surface — the  junc- 
tion of  the  two  being  a  common  seat — 
and  in  its  epithelial  elements  closely 
resembling    the    squamous   variety   of 
epithelium. 

The  cells  of  epithelioma  are  in  the 
main  indistinguishable  from  those  met 
with  on  the  cutaneous  surfaces,  and  on 
the  mucous  membrane  of  the  mouth. 

Cells  from  an  epithelioma  of  the     ^n,  .         .         ^  i     j_i     j_  i       j.i 

lip.    X  250.  They  vary  in  size  from  gi^th  to  ^-f^th 

of  an  inch  in  diameter,  the  average 
beingy^th.  They  contain  usually  a  single  nucleus;  frequently, 
however,  the  nuclei  are  multiple.  (Fig.  62.)  They  are  often 
considerably  flattened  and  distorted  in  shape,  owing  to  the 
pressure  to  which,  in  their  growth,  they  are  subjected,  but  they 
are  not  so  multiform  as  in  the  other  varieties  of  carcinoma;  nor 
do  they  exhibit  the  same  marked  tendency  to  fatty  degeneration. 
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The  arrangement  of  the  cells  is  peculiar:  some  of  them  are 
situated  in  irregular  tubular-shaped  lobules  which  communicate 
with  each  other;  others  are  less  regularly  grouped  in  masses  of 
various  sizes  amongst  the  meshes  of  a  stroma.  As  the  cells  in- 
crease in  number  they  tend  to  become  arranged  concentrically 
in  groups,  so  as  to  form  globular  masses.  These  masses  are  the 
'•'■  concentric  globes  "  or  '■'■epithelial  nests"  which  are  so  commonly 
met  with  wherever  squamous  epithelium  is  undergoing  rapid 
growth,  and  which,  though  not  distinctive  or  essential,  are  ex- 
ceedingly characteristic  of  epithelioma.  As  the  epithelium 
multiplies,  the  peripheral  layers  of  cells  become  flattened  by 
pressure  against  the  surrounding  structures,  whilst  those  in  the 
centre  remain  more  or  less  spherical  in  shape,  like  those  in  the 
deeper  la3'ers  of  the  epidermis.    (Fig.  63.)    The  cells  may  be  so 


Fig. 
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Epithelioma  of  the  lip.     Showing  the  concentric  globes  of  epitheliul  cells.      X  100. 


closely  packed  as  ultimately  to  become  hard  and  dry  like  those 
of  the  nails  and  hair,  and  the  globes  are  then  of  a  brownish- 
yellow  color,  and  of  a  firm  consistence.  The  globes  are  often 
large  enough  to  be  readily  visible  to  the  naked  eye,  and,  owing 
to  the  onion-like  arrangement  of  the  epidermic  scales,  they 
usually  present  a  fibrous  appearance. 

The  stroma  presents  every  variation  between  rapidly  growing 
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embryonic  and  an  incompletely  fibrillated  tissue.  It  may  be 
tolerabl}'  abundant,  or  almost  entirely  wanting.  It  rarely  forms 
such  a  marked  alveolar  structure  as  that  which  characterizes  the 
other  varieties  of  carcinoma,  and  usually  consists  simply  of  a 
small-celled  infiltration  surrounding  the  epithelial  elements, 
which  may  ultimately  become  developed  into  a  more  or  less 
completely  tibrillated  tissue.     (Fig.  64.) 

Fig.  64. 


Epithetiovia  of  the  tonyue.  A  thin  vertical  section,  showing  the  excessive  epithelial 
growth  upon  the  surface  of  the  papillte,  and  the  extension  of  the  epithelial  elements  into 
the  subjacent  connective  tissue.  The  subepithelial  tissue  is  infiltrated  with  small  ("  in- 
different") cells,  amongst  which  are  seen  the  epithelial  elements  both  single  and  forming 
concentric  globes.     X  100. 


The  development  of  epithelioma  takes  place  by  down-growth 
of  the  surface-epithelium  of  skin  or  certain  mucous  membranes 
into  the  connective  tissue  and  deeper  parts,  just  as  is  described 
on  page  178.     Varieties  which  do  not  show  epithelial  evolution, 
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especially  the  small-celled  "  rodent  ulcer,"  are  believed  to  arise 
from  sebaceous  glands  and  hair  follicles.     (Fig-  64.) 

Epithelioma  usually  presents  itself  in  the  first  place  either  as 
a  small  hard  ulcer,  as  an  indurated  fissure,  or  as  a  subcutaneous 
induration  or  nodule,  which  subsequently  ulcerates.  The  surface 
of  the  ulcer  is  irregular,  and  may  be  sloughy;  often  it  is  clean, 
and  covered  bj  large,  firm,  bluish-red  granulations,  consisting 
largely  of  epithelium;  more  rarely  the  surface  is  markedly 
warty.  The  tumor  itself  is  firm  in  consistence,  often  more  or 
less  friable,  and  on  section  presents  a  grayish-white  granular 
surface,  sometimes  intersected  with  lines  of  fibrous  tissue.  The 
cut  surface  yields  on  pressure  a  small  quantity  of  turbid  liquid, 
and  in  many  cases  also  a  peculiar,  thick,  crumbling,  curdy 
material  can  be  expressed,  which  often  comes  out  in  a  w^orm- 
like  shape,  like  sebaceous  matter  from  the  glands  of  the  skin. 
This  latter  is  very  characteristic.  It  is  composed  of  fatty  epi- 
thelial scales,  and  on  being  mixed  with  water  it  does  not  difi"use 
like  the  juice  of  other  cancers,  but  separates  into  minute  visible 
particles.  If  it  is  very  abundant,  the  cancer  is  soft  and  friable, 
and  the  material  can  be  seen  on  the  cut  surface  as  small  scattered 
opaque  dots. 

Irritation  has  more  to  do  with  the  causation  of  epitheliomata 
than  of  other  kinds  of  cancer.  Some,  as  sweeps'  cancer  of  the 
scrotum  from  soot,  and  epithelioma  of  the  arm  of  workers  with 
tar  or  paraffin,  appear  to  be  due  simply  to  irritation  in  people 
the  physiological  resistance  of  whose  connective  tissue  is  suf- 
ficiently diminished  by  the  irritation  or  otherwise  to  permit 
invasion.  Other  epitheliomata  occur  at  those  spots  at  which, 
the  process  of  development  being  complicated,  errors  are  likely 
to  occur;  resulting,  as  Cohnheim  supposes,  in  the  formation  of 
arresting,  embryonic  rudiment.  Such  spots  are  the  lower  lip, 
tongue,  ala  nasi,  eyelid,  cervix  uteri,  gullet  where  crossed  by 
bronchus,  etc.  (see  p.  126).  Many  of  these  are  points  exposed 
to  irritation.  It  usually  infects  the  lymphatic  glands,  but  rarely 
occurs  in  internal  organs. 

Cylindrical  Epithelioma,  OR  Adenoid  Cancer. — These  terms 
are  applied  to  those  forms  of  epithelial  cancer  which  grow  from 
mucous  membrane  with  columnar  (cylindrical)  epithelium,  as 
from  those  of  the  stomach  and  intestines,  and  especially  the 
rectum  and  uterus.     In  these  tumors  the  epithelial  elements  are 
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similar  to  those  of  the  mucous  membrane  from  which  they 
grow.  They  are  cylindrical  in  shape,  and  are  arranged  perpen- 
dicularly to  the  walls  of  the  alveoli  in  a  manner  precisely  analo- 
gous to  that  of  the  columnar  epithelium  on  tlie  mucous  surface. 
(Fig.  65.)     The  slower  the  growth,  the  more  typical  the  gland 

Fig.  65. 


Cylindrical  epithelioma.      From  the  colon.      X  2()0,  reduced  i. 

formation;  in  rapid  growths,  and  recurrences,  the  cells  are 
small,  the  lumina  imperfect.  The  latter  may  be  filled  up,  and 
the  growth  be  indistinguishable  from  glandular  cancer,  except 
by  its  edge.  The  growths  are  of  a  soft,  and  often  gelatinous, 
consistence:  they  tend  strongly  to  undergo  colloid  degeneration. 
These  tumors  cause  secondary  growths  in  the  lymphatic  glands, 
and  sometimes  in  the  liver,  lungs,  and  bones,  which  possess  the 
same  characters  as  the  primary  cancer.  The  distinction  between 
them  and  simple  adenomata  depends  upon  the  invasion  of  tissue 
by  the  cancers. 

Clinical  Characters  of  the  Carcinomata. — In  speaking  of 
the  clinical  characters  of  the  cancers,  it  is  important  in  the  first 
place  to  make  a  distinction  between  epithelioma  and  the  other 
varieties.  Epithelioma,  so  far  as  its  malignancy  is  concerned, 
occupies  a  very  inferior  position  to  scirrhus,  encephaloid,  and 
colloid.  These  latter  varieties  of  carcinoma  possess  in  the 
highest  degree  malignant  properties.  They  extend  locally,  in- 
vading indiscriminately  the  tissues  amongst  which  they  grow, 
and  reproduce  themselves  in  the  lymphatic  glands  and  in  in- 
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ternal  organs.  In  the  process  of  dissemination,  however,  they 
present  some  peculiarities  which  distinguish  them  from  growths 
which  are  sometimes  equally  malignant — viz.,  the  sarcomata. 
The  carcinomata  are  characterized  by  their  great  tendency  to 
reproduce  themselves  in  the  neighboring  lymphatic  glands. 
This  implication  of  the  lymphatics  is  usually  much  more  marked 
than  in  the  sarcomata,  in  which  it  occurs  only  in  certain  situa- 
tions (p.  160),  and  is  probably  owing  to  the  communication  of 
the  lymphatic  vessels  with  the  alveolar  spaces  of  the  cancerous 
growth.  The  general  dissemination  in  internal  organs,  on  the 
other  hand,  is  often  effected  much  less  readily  in  carcinoma  than 
in  sarcoma,  and  the  course  of  the  former  is  therefore  sometimes 
more  protracted  than  that  of  the  latter.  This  difference  is  ex- 
plained by  the  difference  in  the  distribution  of  the  bloodvessels 
— in  carcinoma  these  are  contained  in  the  stroma,  and  very 
rarely  come  into  contact  with  the  cells  of  the  growth;  whereas 
in  the  sarcomata  they  ramify  amongst  the  cells,  and  their  walls 
being  composed  of  thin  embryonic  tissue  like  that  of  the  growth 
which  they  supply,  dissemination  through  the  medium  of  the 
blood  is  rapidly  and  readily  effected.  In  carcinoma,  the  lymph 
being  so  important  a  medium  of  infection,  the  reproduction  of 
the  growths  in  internal  organs  may  be  considerably  delayed. 
The  progress  of  the  disease  becomes  arrested  by  the  lymphatic 
glands,  and  its  further  dissemination  is  often  effected  only  after 
these  have  become  very  generally  and  extensively  involved. 

With  regard  to  the  difference  in  the  clinical  characters  of 
these  three  varieties  of  carcinoma — the  dissemination  of  enceph- 
aloid  takes  place  much  more  rapidly  than  that  of  scirrhus, 
owing  to  the  greater  rapidity  of  its  growth,  its  greater  vascu- 
larity, and  the  greater  activity  of  its  epithelial  elements.  Col- 
loid is  somewhat  inferior  in  the  degree  of  its  malignancy  to 
both  scirrhus  and  encephaloid. 

Epithelioma  is  of  all  cancers  much  the  least  malignant.  Its 
malignancy  varies  curiously  with  its  seat;  thus,  on  the  skin  of 
the  face  epithelioma  has  generally  a  very  chronic  course,  and 
rarely  affects  even  the  glands ;  on  the  tongue,  its  course  is  often 
so  rapid,  affection  of  the  glands  so  early,  and  cachexia  and  death 
so  speedy,  that  it  must  be  ranked  among  the  most  fatal  of  tumors. 
It  extends  locally,  and  often  infects  the  neighboring  lymphatics, 
but  it  comparatively  rarely  reproduces  itself  in  internal  organs. 
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This  is  probably  owing  to  the  size  and  character  of  its  epithelial 
elements,  which  render  them  much  less  liable  to  be  transmitted 
by  the  blood  and  lymph-streams  than  are  the  cells  of  the  other 
varieties  of  cancer. 

In  all  the  varieties  of  carcinoma  there  is  a  tendency  for  the 
secondary  growths  to  repeat  the  peculiarities  of  the  primary 
one.  This  is  most  marked  in  epithelioma.  In  scirrhus,  the 
secondary  growths  in  internal  organs,  although  sometimes  re- 
sembling the  primary  tumor,  are  often  more  rapidly  developed, 
are  softer  and  more  vascular,  and,  in  accordance  with  the  dis- 
tinction which  has  been  made  between  scirrhus  and  encephaloid, 
they  must  be  regarded  as  belonging  to  the  latter  variety  of  cancer. 


The  Teratomata. 

These  tumors  can  only  be  mentioned.  They  are  congenital 
and  occur  chieHy  in  the  sacral  region  (coccygeal  tumors),  the 
head  and  neck — points  at  which  double  monsters  are  united ; 
but  they  may  be  internal.  Many  of  them  are  due  to  the  inclu- 
sion and  imperfect  development  of  one  foetus  within  another; 
others  to  abnormal  development  of  the  tissues  of  one  foetus. 
They  are  most  complex,  and  may  contain  all  the  tissues  of  the 
body  up  to  ganglion  cells,  more  or  less  confusedly  mixed. 
They  may  be  very  large  at  birth,  or  may  not  attract  notice  till 
later.     Dermoid  cysts  belong  to  this  group. 


CHAPTER  XXIII. 


CYSTS. 


In  addition  to  the  new  growths  already'  described,  there  is  a 
large  class  of  formations,  many  of  which  cannot  be  regarded  as 
"tumors"  in  the  strict  application  of  this  term.  These  are  the 
cysts,  or  cystic  tumors. 

A  cyst  is  a  cavity  containing  liquid  or  pultaceous  material, 
which  is  separated  from  the  surrounding  structures  by  a  more 
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or  less  distinct  capsule.  It  may  be  a  new  formation,  or  a  pre- 
existing structure  which  has  become  distended  by  its  own  secre- 
tion, or  by  extravasation  into  it.  The  former  only  comes  within 
the  category  of  new  growths;  but,  for  the  sake  of  convenience, 
it  will  be  advisable  to  consider  them  both  under  one  head. 

There  are  thus  two  principal  modes  by  which  cysts  originate 
— one,  the  most  frequent,  by  the  gradual  accumulation  within 
the  cavities  of  pi^eexisting  structures,  of  substances  which  are, 
for  the  most  part,  products  of  their  own  formation — being  in 
some  cases  a  secretion,  and  in  others  a  cell-growth  ;  the  other, 
by  the  independent  formation  of  a  cyst  in  the  tissues. 

The  accumulation  of  secretions  and  of  other  products  within  pre- 
existing cavities  may  be  effected  in  the  three  following  ways  : 

1st.  By  the  retention  of  the  normal  secretion  owing  to  the 
closure  of  the  excretory  ducts — as  so  often  occurs  in  sebaceous 
glands. 

2d.  By  excessive  secretion,  the  cavity  being  unprovided  with 
an  excretory  duct — as  in  the  distention  of  bursEe. 

3d.  By  the  extravasation  of  blood  into  the  cavity — as  in 
hsematocele. 

The  independent  formation  of  a  cyst  may  take  place — 

1st.  By  the  softening  and  liquefaction  of  the  tissues  in  some 
particular  part,  owing  to  mucoid  or  fatty  changes.  The  tissues 
around  the  softened  matters  become  condensed,  and  ultimately 
form  a  kind  of  cyst- wall. 

2d.  By  the  collection  of  fluid  in  certain  spaces  of  connective 
tissue,  and  their  subsequent  enlargement  and  fusion.  The  sur- 
rounding tissue  becomes  condensed,  and  forms  a  cyst-wall;  and 
this  may  in  some  cases  become  lined  with  flattened  connective- 
tissue  cells  (endothelium.) 

3d.  By  the  formation  of  a  cyst-wall  around  foreign  bodies, 
parasites,  or  extravasated  blood. 

Structure. — The  wall  of  the  cyst  will  vary  in  its  nature  ac- 
cording as  it  is  that  of  a  preexisting  or  a  newly  formed  cavity. 
In  the  former  case,  it  will  possess  an  epithelial  lining  which  will 
present  the  same  characters  as  that  of  the  gland,  serous  mem- 
brane, or  other  structure  from  which  the  cyst  originated.  If 
the  cyst  is  of  independent  formation,  there  is  no  endothelial 
lining  to  the  fibrous  capsule ;  but  one  may  develop  later,  as  in 
false  bursse.     The  cyst-wall  is  sometimes  firmly  connected  with 
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the  adjacent  parts,  so  that  it  can  only  with  difficulty  be  separated; 
in  other  cases  the  union  is  much  less  intimate.  Instead  of  being 
a  distinct  structure,  it  may  be  simply  the  surrounding  tissue 
which  has  become  dense  and  fibrous  in  character. 

The  contents  of  cysts  are  very  various,  and  may  serve  as  a 
basis  for  their  classification.  In  the  retention-cysts,  they  will 
vary  with  the  nature  of  the  normal  secretion — serum,  sebaceous 
matter,  saliva,  milk,  seminal  fluid,  and  other  substances  are  thus 
found  in  these  cysts,  more  or  less  altered  in  character  from 
being  retained  in  a  closed  cavit3^  In  the  exudation-cysts,  serum 
is  the  most  frequent  constituent;  and  in  extravasation-cysts, 
blood.  In  those  cysts  which  originate  from  the  softening  and 
breaking  down  of  tissue,  the  contents  are  the  products  of  retro- 
gressive tissue-metamorphosis,  and  usually  consist  largely  of 
mucin,  fatty  matters,  and  serum. 

Secondary  Changes. — These  may  take  place  in  the  wall  of 
the  cyst  or  in  its  contents.  The  cj^st-wall  itself  may  become  the 
seat  of  new  growths,  and  produce  secondary  cysts,  villous, 
glandular,  and  other  structures — this  occurs  in  many  compound 
ovarian  cysts.  It  may  also  be  the  seat  of  an  intiammatory  pro- 
cess, which  terminates  in  suppuration  and  granulation,  and  by 
this  means  the  cyst  frequently  becomes  obliterated,  its  contents 
being  either  absorbed  or  discharged  externally,  and  the  cavity 
closing  by  granulation.  Calcification  and  ossification  of  the 
wall  may  also  occur.  The  contents  of  cysts  undergo  various 
changes,  owing  to  their  retention  in  a  closed  cavity.  The  secre- 
tions become  altered  in  character,  thickened,  and  viscid.  Epi- 
thelial elements  undergo  fatty  changes,  and  so  give  rise  to 
cholesterin  crystals.  Calcification  of  the  contents  is  also  common. 

Cysts  may  be  simple  or  compound.  A  simple  cyst  consists  of  a 
single  loculus.  A  compound  or  multilocular  cyst  is  one  con- 
sisting of  numerous  loculi,  which  either  communicate  with  one 
another  or  remain  isolated.  Another  variety  of  compound  cyst 
consists  of  a  cyst  with  endogenous  growths,  the  larger  cyst 
having  others  growing  in  its  walls.  A  compound  cyst  may 
become  a  simple  one  by  the  destruction  of  its  walls. 

Cysts  are  frequently  associated  with  other  growths,  hence  the 
terms  "  cystic-sarcoma,"  "  cystic-cancer,"  etc.  It  is  especially 
in  those  growths  which  originate  in  glandular  structures,  as  in 
the  mamma,  testicle,  and  ovary,  that  this  combination  is  met 
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with.  The  cj'stic  development  may  almost  entirely  obliterate 
the  structure  of  the  tumor  in  which  it  takes  place,  so  that  ulti- 
mately the  latter  becomes  converted  into  a  combination  of  cysts. 
In  other  cases  large  papillary  masses  of  the  tumor  grow  into  the 
cystic  cavities.  Considerable  difficulty  is  thus  not  infrequently 
caused  in  determining  the  nature  of  the  original  growth. 

Classification. — Cysts  may  be  most  conveniently  classified 
according  to  their  mode  of  origin,  thus: 

CLASSIFICATION  OF  CYSTS. 

I.  Cysts  formed  by   the   accumulation  of  substcmccs   within   the 

cavities  of  preexisting  structures. 

A.  Retention  Cysts. — Cj^'sts  resulting  from  the  retention 

of  normal  secretions.     These  include — 
a.     Sebaceous  Cysts.     These  are  formed  by  the  retention 

of  secretions  in  the  sebaceous  glands, 
/5.     Mucous  Cysts.     These  are  formed  by  the  retention  of 

secretions  in  the  glands  of  mucous  membranes. 
y.  Cysts  from  the  retention  of  secretions  in  other  parts,  in- 
cluding Ranula,  when  due  to  occlusion  of  the 
salivary  ducts;  Encysted  Hydrocele,  from  occlu- 
sion of  the  tubuli  testis;  cysts  in  the  mammary 
gland,  from  obstruction  of  the  lacteal  ducts;  simple 
and  some  compound  cysts  of  the  ovary,  from  dila- 
tation of  the  Graafian  follicles;  and  simple  cysts  of 
the  liver  and  kidneys. 

B.  Exudation    Cysts.  —  Cysts    resulting    from   excessive 

secretion  in  cavities  unprovided  with  an  excretory 
duct.  These  include  Bursse,  Ganglia,  Hydroceles, 
Meningoceles,  Cystic  Bronchocele,  and  many  cysts 
in  the  broad  ligament. 

C.  Extravasation  Cysts. — Cysts  resulting  from  extrava- 

sation into  closed  cavities.  These  include  Hsemato- 
cele,  and  some  other  forms  of  sanguineous  cysts. 

II.  Cysts  of  independent  origin. 

A.  Cysts  fkom  Softening  of  Tissues. — These  are  espe- 

cially common  in  new  formations,  as  in  chondroma, 
lipoma,  sarcoma,  etc. 

B.  Cysts  from  Extravasation  into  Solid  Tissues — e.  g., 

brain,  soft  new-growths. 
13 
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C.  Cysts  from  Expansion  and  Fusion  of  Spaces  in  Con- 

nective Tissue. — These  include — 
a.     Bursce,  originating  from  irritation  and  exudation  into 

the  tissues. 
8.     Serous  cysts  in  the  neck^  hygroma  (often  congenital). 
>.     Many  compound  ovarian  cysts. 

D.  Cysts  formed  around  Foreign  Bodies,  Extravasated 

Blood,  and  .Parasites. 

E.  Congenital    Cysts.  —  These   include   many   Dermoid 

cysts,  and  appear  often  to  be  the  remains  of  blighted 
ova.  Their  wall  has  more  or  less  perfectly  the 
structure  of  skin ;  they  contain  fatty  matters,  hair 
teeth,  bones,  etc. 


CHAPTER    XXIV. 

changes  in  the  blood  and  circulation. 

The  vascular  system  is  a  closed  system  of  tubes,  capable  of 
varying  in  capacity,  and  having  inserted  at  one  point  a  muscular 
organ,  so  constructed  that  it  can  receive  on  one  side  venous 
blood  at  a  minus-pressure,  and  send  out  on  the  other  arterial 
blood  with  force  sufficient  to  carry  it  right  through  the  systemic 
or  pulmonary  circulation.  The  heart-force  is  aided  by  the 
pressure  of  contracting  muscles  upon  valved  veins,  and  by 
thoracic  aspiration.  Each  time  an  artery  branches,  the  sec- 
tional area  of  the  arterial  system  is  increased  ;  so  also  is  its  ex- 
tent of  surface.  But,  in  both  these  respects,  by  far  the  greatest 
increase  takes  place  in  the  region  of  arterioles  and  capillaries. 
Increase  of  surface  means  increase  of  friction,  and  enlargement 
of  the  area  upon  which  a  given  force  has  to  act  must  also 
diminish  the  effect  of  that  force.  Consequently,  the  blood- 
stream becomes  suddenly  slowed  in  the  arterioles  and  capillaries. 
The  arterioles  vary  in  diameter  much  more  than  do  larger 
arteries,  for  they  contain  proportionately  much  more  muscle. 
The  resistance  in  the  arterioles,  therefore,  varies  enormously 
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under  diverse  influences  ;  but  the  diameters  of  capillaries  seem 
to  change  only  in  response  to  variations  in  pressure.  The  sec- 
tional area  of  the  venous  system,  on  the  other  hand,  diminishes 
from  the  capillaries  to  the  heart,  and  the  rate  of  flow  increases 
proportionately  as  the  region  in  which  thoracic  aspiration  acts 
is  approached. 

Gravity  must  not  be  regarded  as  in  any  way  a  cause  of  circu- 
lation ;  what  the  blood  loses  or  gains  on  its  way  from  the  heart 
will  be  exactly  balanced  during  its  return  to  the  heart.  But 
though  gravity  has  nothing  to  do  with  the  driving  force,  it 
increases  the  pressure  in  vessels.  This  is  best  shown  by  a 
U-tube — the  pressure  varies  directly  as  the  height  of  the  columns 
in  the  limbs,  but  no  movement  occurs  unless  a  driving  force  is 
added. 

The  quantity  of  blood  in  the  body  may  be  regarded  as  con- 
stant in  normal  states. 

Circulatory  disturbances  may  be  produced  in  many  ways. 
The  heart  may  act  so  feebly  or  be  so  damaged  structurally 
(valve-disease),  that  too  little  blood  enters  the  arteries  at  each. 
-Stroke,  and  generally  at  a  pressure  less  than  normal.  As  a  re- 
sult the  arterial  supply  of  all  parts  is  diminished,  blood  lags  in 
the  veins,  and  a  less  quantity  than  normal  enters  the  heart 
during  each  diastole.  More  rarely,  the  heart  may  act  so  forcibly 
as  to  rupture  delicate  or  diseased  vessels. 

Supposing  the  heart  to  act  normally,  it  is  obvious  that,  with  a 
constant  blood-mass,  the  total  capacity  of  the  vascular  system 
must  be  kept  within  certain  limits.  It  may  easily  dilate  so  as 
to  contain  all  the  blood  (the  abdominal  veins  alone  would  do 
this  after  section  of  the  splanchnics),  when  the  heart  would  re- 
ceive none,  and  circulation  would  cease.  Or,  the  arterioles 
may  contract  so  as  more  or  less  completely  to  stop  circulation 
and  drive  all  the  blood  into  the  veins.  Between  these  extremes 
there  is  a  state  of  the  vascular  system,  corresponding  to  any 
given  heart-force,  which  is  most  favorable  for  the  circulation: 
this  is  normal  tonus.  It  is  the  province  of  the  vaso-motor  system 
to  maintain  this  relation  between  heart  and  vessels.  Enlarge- 
ment of  the  vascular  system,  whether  due  to  general  or  local 
diminution  of  vascular  tonus,  slows  the  circulation  ;  diminution 
of  the  capacity  of  the  system,  in  moderation,  quickens  it.  In 
cases  of  local  increase  of  tonus  the  blood  which  the  more  or  less 
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ansemic  part  should  contain  is  thrown  into  the  system  at  large, 
and  raises  the  blood-pressure  until  the  vaso-motor  system  causes 
other  vessels  to  dilate  compensatorily,  so  as  to  receive  both  tlieir 
own  blood  and  that  of  the  contracted  vascular  area.  Parts  sup- 
plied by  vessels  so  dilated  are  said  to  be  in  a  state  of  "  collateral 
hypersemia."  If,  on  the  other  hand,  a  vascular  area  dilates,  the 
vaso-motor  system  generally  causes  the  other  arese  to  contract, 
so  as  to  preserve  the  capacity  of  the  vessels  about  the  same,  and 
thus  keep  up  the  pressure — that  is  to  say,  other  parts  become 
anaemic  to  provide  the  hyperfemic  one  with  blood.  This  state 
might  be  called  ''  collateral  anaemia." 


Local  Anaemia. 

Local  anfemia,  or  ischsemia,  is  diminution  of  blood  in  a  part 
owing  to  diminished  arterial  supply.  It  may  be  partial  or 
complete. 

Causes. — The  causes  of  diminished  arterial  supply  to  a  part 
are  all  those  conditions  which  either  narrow  or  completely  close 
the  lumen  of  the  supplying  artery.  The  lumen  of  an  artery 
may  be  diminished  by  disease  of  its  walls — atheroma,  calcifica- 
tion, or  syphilitic  thickening;  or  by  pressure  exercised  upon  it 
from  without,  as  by  new  growths,  stricturing  scars,  inflammatory 
exudations,  and  mechanical  effusions,  especially  in  unyielding 
tissues,  as  bones  or  tendon-sheaths.  Complete  closure  of  the 
vessel  may  result  from  some  of  the  foregoing  conditions,  or, 
more  commonly,  from  thrombosis,  embolism,  or  ligature.  In 
some  cases  the  supply  of  blood  is  diminished  by  an  increase  in 
the  natural  resistance  from  irritation  of  the  vaso-motor  nerve. 
This  occurs  as  the  result  of  a  low  temperature,  in  some  neu- 
ralgic and  other  nervous  aiFections,  and  from  the  action  of 
certain  substances,  such  as  ergot  of  rye,  opium,  etc.  Anaemia 
may  occur  also  from  hypersemia  of  other  parts — e.g.^  of  the 
brain  and  skin,  in  congestion  of  the  abdominal  viscera;  and 
from  the  presence  of  too  little  blood  in  the  system,  as  after 
hemorrhage,  when  the  distal  parts  suffer  most. 

Results. — A  part  with  diminished  arterial  supply  is  usually 
paler,  less  tense,  and  of  a  lower  temperature  than  natural.  Its 
nutrition  and  function  also  are  impaired,  so  that  it  may  undergo 
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fatty  degeneration,  atrophy,  or  die.  These  results  were  exem- 
pliiied  in  the  chapters  on  "Atrophy,"  "Fatty  Degeneration," 
and  "  Necrosis." 

Obstruction  of  a  large  artery  causes  rise  of  pressure  every- 
where except  in  its  own  area;  and  this  increased  arterial 
pressure  continues,  endangering  the  safety  of  delicate  or  diseased 
vessels,  until  the  extra  blood  thrown  into  the  now  curtailed 
arterial  system  is  accommodated  in  some  way.  This  is  effected 
generally  by  compensatory  dilatation  of  other  vessels  going  to  the 
ansemic  part  and  anastomosing  with  branches  of  the  obstructed 
vessels,  partly  by  the  increased  arterial  pressure  which  acts  on  all 
arteries  alike,  but  chiefl}'  by  some  obscure  vaso-motor  mechanism 
excited,  probably,  by  the  anaemia.  These  "collateral"  vessels 
become  larger,  longer  (tortuous),  and  thicker,  until  the  circula- 
tion in  the  part  has  again  become  normal — i.  e.,  collateral  circu- 
lation is  established.  At  first  probably  all  vessels  having 
anastomoses  with  the  obstructed  one  dilate;  but  those  which 
enlarge  permanently  are  almost  invariably  branches  on  the  same 
side  as  the  obstruction — e.  g.,  right  inferior  thyroid  and  vertebral 
after  ligature  of  right  carotid.  The  primary  ansemia,  the  blush 
and  heightened  temperature  of  vascular  dilatation,  and  return  to 
the  normal,  can  be  seen  in  limbs  after  ligature  of  the  main  vessel. 

In  certain  organs,  however,  there  is  either  but  one  supplying 
artery,  or  others  entering  it  are  insignificant;  further,  in  the 
spleen,  kidnej^s,  lungs,  brain,  and  retina  the  branches  of  the 
main  vessels  communicate  only  by  capillaries — such  arteries  are 
called  terminal  by  Cohnheim.  Here  no  collateral  circulation 
can  be  established,  and  obstruction  is  necessarily  followed  by 
the  gravest  nutritive  disturbance.  The  first  effect  of  the  plug- 
ging of  such  an  artery  is  the  stoppage  of  all  supply  through  it; 
the  arterioles  empty  themselves  by  contracting,  and  pressure  in 
them  is  reduced  to  nil;  venous  pressure,  though  low,  is  in  excess 
of  this,  and  blood  regurgitates  from  the  veins  to  fill  the  capil- 
laries and  arterioles  beyond  the  stoppage — as  may  be  seen  with 
the  microscope  in  a  frog's  tongue,  of  which  one  lingual  artery 
has  been  tied.  The  arteries  roundabout  the  area  dilate,  and 
their  capillaries  become  full  of  blood ;  but  even  then  the  force 
of  the  stream  in  the  latter  is  sufficient  to  overcome  the  resist- 
ance in  only  a  few  of  the  outlying  capillaries  in  the  obstructed 
area.      Consequently,  we  should  find  such  an  area  dark  from 
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Fig.  66. 


containing  stagnant  venous  blood,  but  surrounded  by  a  ring  of 
arterial  redness. 

The  changes  which  result  from  deprivation  of  arterial  blood 
have  been  studied  experimentally  by  Cohnheim.  If  the  ear  of 
a  rabbit  be  ligatured  at  its  root,  and  the  ligature,  after  remaining 
on  for  from  eight  to  ten  hours,  be  removed  and  the  blood  again 
allowed  to  circulate,  the  organ  becomes  exceedingly  vascular, 
red,  swollen,  and  oedematous;  and  when  examined  microscopi- 
cally the  vessels  are  found  to  be  dilated,  and  numerous  white 
blood-corpuscles  to  have  escaped  from  them  into  the  surrounding 
tissue.  The  more  prolonged  the  anpemia,  the  more  abundant  is 
the  infiltration  with  leucocytes ;  and  when  the  obstruction  has 
lasted  twenty-four  hours  small  extravasations  of  red  corpuscles 
also  occur.  If  the  ligature  remain  on  for  forty-eight  hours,  the 
ear  dies.  From  these  observations  Cohnheim  concludes — that 
when  bloodvessels  with  their  vasa  vasorum  are  deprived  of  cir- 
culating blood  for  a  sufficient  length  of  time  they  lose  their 
power  of  retaining  the  blood,  and  allow,  first  the  liquor  san- 
guinis and  leucocytes,  then  red  cor- 
puscles, to  escape  from  them,  the  escape 
taking  place  only  through  the  capil- 
laries and  veins.  The  whole  process 
can  be  watched  in  the  tongue  of  a  frog 
to  the  base  of  which  a  ligature  has  been 
applied.  For  the  walls  of  bloodvessels 
to  be  thus  altered,  interference  with  the 
circulation  must  be  very  complete — a 
very  little  vascular  supply  serves  to  pre- 
vent the  above  phenomena;  but  imper- 
fect nutrition  is  a  step  toward  death, 
and  must  render  tissues  less  resistant 
to  injury-  a  wide-reaching  fact,  which 
must  always  be  borne  in  mind.  These 
observations  explain  all  changes,  from 
cedema  to  gangrene,  which  may  follow 
ligature  of  the  main  artery  of  a  limb, 
especially  the  femoral. 

To  return  to  the  blocked  terminal 
artery.  When  circulation  is  arrested  in  its  area,  and  the  vessels 
are  choked  with  regurgitant  venous  blood,  the  above  changes 


Diagram  of  a  hemorrhagic 
infarct,  o.  Artery  obliterated 
by  an  embolus  (e).  v.  Vein  filled 
with  a  secondary  thrombus  ((//). 
1.  Centre  of  infarct  which  is  be- 
coming disintegrated.  2.  Area 
of  extravasation.  3.  Area  of  col- 
lateral hypera3mia.  (0.  Weber.) 
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from  malnutrition  soon  set  in — fluid,  and  then  corpuscles,  pass 
out  into  the  tissues  without  any  rupture  of  the  vessel.  The 
tissues  become  crammed  with  red  corpuscles;  and  from  the 
mode  of  distribution  of  the  vessels  (Fig.  Q6),  the  part  thus 
afi'ected  is  generally  wedge-shaped  on  section,  and  the  base 
of  the  wedge  lies  on  the  surface  of  the  organ.  The  base  is 
slightly  raised  above  the  general  surface  and  surrounded  by 
a  ring  of  arterial  redness,  whilst  the  section  shows  the  infarct 
to  have  a  black-red  color,  like  damsom-cheese.  (For  later 
changes,  see  p.  226.) 

By  far  the  commonest  cause  of  infarction  is  embolism  (p.  221). 
A  very  important  point  is  that  all  vessels  do  not  resist  equally 
the  effects  of  anaemia — those  of  skin  and  muscle  being  most 
resistant;  those  of  brain  and  intestine  least.  Strangulated  gut 
is  like  a  tied-off  car,  but  it  dies  much  sooner.  This  power  of 
resistance  varies  in  individuals.^ 

1  Litten  ("  Unters.  li.  d.  hamorrhag.  Infarct,"  etc.  Deutsche  Zeitsch?-.  fur  klin. 
Med.,  Band  i.  Heft  1)  disputes  the  truth  of  Cohnheim's  explanation  of  the  whole 
process  of  infarction.  The  infarction  of  the  kidney  which  follows  ligature  of  the 
renal  artery  is  not  due  to  regurgitation  from  the  renal  vein,  for  it  is  even  more 
intense  when  the  renal  vein  also  is  tied.  The  kidney  then  swells  greatly,  hecoming 
first  congested,  then  infarcted.  The  congestion  begins  in  the  subcapsular  zone  of 
the  cortex,  and  at  the  bases  of  the  pyramids  "where  the  pelvis  is  attached,  and  it  is 
due  to  the  continued  supply  of  the  organ  by  small  arteries  (now  much  dilated) 
which  spring  from  the  lumbar,  suprarenal,  and  phrenic  (Ludwig),  and  pierce  the 
capsule,  and  to  others  from  the  spermatic  which  run  up  along  the  ureter.  If  the 
renal  vein  is  left  open,  the  kidney  swells  more  slowly,  because  some  of  the  blood 
entering  from  these  arteries  escapes  by  the  vein  ;  the  stream  is  therefore  away  from, 
not  toward,  the  kidney.  But  the  most  perfect  proof  that  the  infarction  is  due  to 
supply  through  these  arteries,  and  not  to  venous  reflux,  is  afforded  by  this  experi- 
ment :  the  renal  artery  is  rendered  truly  "  terminal  "  by  shelling  the  kidney  out  of 
its  bed  of  fat,  and  the  artery  is  then  tied.  Kegurgitation  should  now  occur  from 
the  open  vein,  but,  as  a  rule,  it  fails  to  do  so.  A  slight  congestion  of  the  organ 
sometimes  occurs,  but  the  gland  remains  much  lighter  and  smaller  than  its  fellow, 
of  which  the  renal  artery  only  has  been  tied,  and  never  becomes  the  seat  of  hemor- 
rhage per  diapedesin.  It  would  seem,  therefore,  that  in  many  cases  the  pressure 
in  the  renal  vein  is  not  sufficient  to  overcome  the  resistance  of  the  capillaries  and 
to  produce  an  injection  of  them  with  blood,  when  the  main  artery  and  its  small 
collaterals  are  tied  ;  much  less  would  it  do  so  when  the  latter  are  pumping  blood 
in  beneath  the  elastic  capsule,  and  thus  increasing  the  intracapsular  pressure.  If 
by  coughing,  vomiting,  etc.,  the  pressure  in  the  renal  vein  is  raised,  infarction  is 
more  likely  to  occur  ;  and  it  is  produced  in  its  severest  form  by  clamping  the  vena 
cava  inferior  above  the  entry  of  the  renal  vein.  These  observations  were  extended 
with  similar  results  to  the  spleen  and  lung. 

When  a  truly  "  terminal  "  artery  is  blocked,  no  infarction  occurs  in  the  great 
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Hypersemia. 

Hyperemia,  or  congestion,  is  excess  of  blood  in  the  more  or 
less  dilated  vessels  of  a  part.  It  may  be  active  or  arterial  and 
mechanical  or  venous.  These  two  varieties  must  be  considered 
separately. 

Active  or  Arterial  Hypersemia. 

Active  hyperoeraia  is  an  excess  of  blood  in  the  arteries  of  a 
part,  with,  in  most  cases,  an  acceleration  of  the  flow. 

Causes. — The  immediate  cause  of  active  hypersemia  is  in  all 
cases  diminished  arterial  resistance. 

Diminished  arterial  resistance  may  be  produced  pathologically : 

1st.  By  certain  Agencies  which  have  a  Weakening  or  Paralyzing  Effect 
upon  the  Involuntary  Muscle  of  Vessel-walls.  Fatigue  from  previous 
prolonged  contraction  has  this  effect,  as  seen  in  the  hypersemia 
of  the  hands  which  follows  snowballing.  Warmth,  too,  is  gen- 
erally placed  under  this  heading.  Injuries  of  all  kinds,  when 
not  acting  suddenly,  and  with  extreme  severity,  produce  a  reflex 
hypersemia  by  their  influence  on  sensory  nerves  before  the  true 
inflammatory  dilatation  sets  in.  This  must  be  included  in  the 
next  group  of  cases.  But  the  dilatation  characteristic  of  inflam- 
mation is  due  to  direct  damage  of  the  vessel-wall,  and  therefore 
falls  under  this  heading ;  and  when  it  is  more  than  sufficient  to 
counterbalance  the  increased  resistance  which   always  accom- 

majority  of  cases  ;  its  area  remains  pale  and  anaemic,  and  microscopic  examinatiun 
reveals  no  trace  of  red  corpuscles.  This  is  seen  in  cases  of  embolism  of  the  cere- 
bral arteries  (while  s'ofiening)  and  of  the  central  artery  of  the  retina. 

When  an  artery  becomes  blocked  in  a  part  {c.  g.,  limb),  of  which  the  veins  are 
valved,  no  reflux  can  occur  ;  but  infarction  may.  It  is  rare,  because  such  parts 
have  a  ricli  arterial  supply  ;   but  it  may  follow  blocking  of  the  main  artery. 

Litten  agrees  with  Cohnheim  that  the  red  corpuscles  escape  by  diapedesis,  but 
simply  on  account  of  the  stretching  of  the  capillaries  and  small  veins  by  the  me- 
chanical congestion.  It  begins  almost  at  once  after  the  application  of  the  ligature, 
before  anaemia  has  had  time  to  effect  any  marked  change;  and  no  escape  occurs 
in  a  kidney  shelled  from  its  capsule  if  a  ligature  on  the  renal  artery  be  cut  after 
three  or  four  hours. 

Further  observation  must  decide  between  these  two  views.  With  regard  to 
venous  reflux,  it  is  hard  to  believe  that  Cohnheim  was  mistaken  when  he  said  that 
he  saw  half  of  a  tongue,  of  which  the  artery  was  tied,  fill  from  the  vein.  Perhaps 
the  resistance  offered  by  the  capillaries  of  the  tongue  is  less  than  that  of  the  kidney 
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panies  it  (see  "Inflammation"),  the  quantity  of  blood  passing 
through  the  part  will  be  greater  than  normal — i.  e.,  the  part  is 
hypertemic.  The  sudden  removal  of  pressure  is  another  cause 
of  hypersemia,  proved  by  the  congestion  of  the  abdominal  vessels 
which  results  on  the  removal  of  much  ascitic  fluid,  or  of  a  large 
ovarian  tumor;  by  the  bleeding  which  occurs  when  a  pleura  is 
more  or  less  completely  emptied  by  aspiration  or  strong  siphon- 
action;  and  by  the  hemorrhage  which  often  follows  the  complete 
emptying  of  a  chronically  distended  bladder.  The  muscle  of 
the  vessels,  accustomed  to  much  support,  has  lost  power,  so, 
when  the  support  is  suddenly  removed,  the  vessels  dilate  fully, 
and  small  ones  perhaps  rupture. 

2d.  JBy  the  Removal  of  the  Vaso -tonic  Action  of  the  Sympathetic, 
either  Directly  or  Rejiexly — i.  e.,  by  Inhibition.  Examples  of  the 
direct  process  are :  The  active  congestion  which  follows  pres- 
sure upon  the  sympathetic — as  in  the  neck  by  an  aneurism — or 
section  of  vaso-motor  nerves  in  any  part  of  their  course,  from 
the  centre  in  the  medulla  down  the  cord,  into  spinal  nerves  or 
sympathetic  plexuses.  Thus,  unilateral  congestion  results  from 
diseases  and  experimental  sections  of  half  the  spinal  cord. 
Certain  drugs,  taken  internally,  are  believed  temporarily  and 
directly  to  paralyze  the  vaso-tonic  nerves — e.g.,  nitrite  of  amyl, 
alcohol,  tobacco. 

The  reflex  process  is  generally  due  to  stimulation  of  sensory 
nerves,  the  diminution  in  tonus  thus  produced  being  more  or 
less  accurately  confined  to  the  region  supplied  by  the  neiwe. 
Friction  and  slight  irritants  in  the  early  stages  of  their  action 
produce  hypersemia  in  this  way  (see  above).  It  seems  that  vas- 
cular dilatation  of  deep  organs  may  be  produced  reflexly  by  the 
application  of  stupes  to  the  skin  over  them. 

Ansemia  of  any  large  part — as  of  a  limb  compressed  by  Es- 
march's  bandage,  or  of  the  skin  from  cold — necessarily  causes 
hypersemia  of  other  parts — collateral  hypercemia.  But  all  parts 
do  not  suffer  equally,  as  they  would  were  the  hypersemia  the 
result  simply  of  increased  arterial  pressure ;  certain  vessels,  as 
the  great  abdominal  veins,  dilate,  showing  that  the  vaso-motor 
system  arranges  for  the  accommodation  of  the  surplus  blood 
by  producing  local  diminutions  of  vascular  resistance.  After 
extirpation  of  one  kidney,  its  share  of  blood  passes  mainly  to 
the  other. 
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3d.,  By  Excitation  of  Vaso-dilator  Nerves,  such  as  the  chorda 
tympani.  ITothing  is  certainly  known  of  this  as  a  cause  of 
hyperseraia;  but  the  hyperseraia  associated  with  facial  neuralgia, 
and  that  of  the  thyroid  in  exophthalmic  goitre,  have  been 
referred  to  yaso-dilator  neuroses,  and  also  to  inhibition  of  vaso- 
tonic nerves. 

Results. — The  results  of  active  hyperaemia  are  principally 
such  as  might  be  expected  to  follow  from  an  increase  in  the 
amount  of  the  arterial  blood,  and  in  the  rapidity  of  its  flow,  in 
any  particular  organ  or  tissue.  The  symptoms  in  a  superficial 
part  are  :  Increased  redness  and  pulsation,  a  sensation  of  throb- 
bing being  often  experienced  by  the  patient ;  some  increase  in 
bulk,  marked  elevation  of  temperature,  sometimes  as  much  as 
3°  Cent.  If  the  hypersemia  be  of  long  duration,  or  frequently 
repeated,  the  small  arteries  become  permanently  enlarged,  their 
walls  gradually  thicken,  and  the  epithelium  and  connective  tissues 
of  the  part  increase;  as  maybe  seen  in  the  papillary  thickening 
around  a  callous  ulcer  of  the  leg,  and  the  occasional  spread  of 
ossification  into  the  granulation  tissue  from  the  tibia.  Hyper- 
trophy of  other  tissues  is  also  a  frequent  result  if  they  be  called 
upon  to  functionate.  (See  "Hypertrophy.")  Function  is  in- 
creased, except  in  organs,  as  the  submaxillary  gland,  which 
functionate  only  in  response  to  nervous  stimulation.  Thus,  in 
hyperseraia  of  the  nervous  centres,  we  see  great  excitability, 
parpesthesise  of  sight  and  hearing,  convulsions,  etc.  In  glands 
the  relation  of  which  to  the  nervous  system  is  not  very  close,  as 
the  kidneys,  secretion  is  increased,  the  urine  being  watery  and 
sometimes  albuminous. 

Mechanical  or  Venous  Hyperaemia. 

In  venous  hypersemia,  the  excess  of  blood  is  in  the  veins  and 
capillaries,  and  the  flow,  instead  of  being  accelerated,  is  retarded. 
This  is  so  frequently  produced  by  some  obvious  mechanical 
obstacle  to  the  return  of  blood  through  the  veins  that  it  is  often 
called  mechanical  hypersemia.  The  congestion  of  a  finger,  pro- 
duced by  a  moderately  tight  band  around  it,  may  be  taken  as 
the  type  of  such  cases. 

Causes. — Anything  which  weakens  the  forces  which  carry  on 
the  venous  circulation,  or  which  opposes  unusual  resistance  to 
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this  circulation — anything  which  lowers  the  blood-pressure  and 
slows  the  stream — must  tend  to  produce  venous  hypersemia.  It 
is  evident  from  the  preceding  general  remarks  that  such  causes 
may  exist  in  any  part  of  the  vascular  system — heart,  arteries, 
capillaries,  or  veins;  some  having  a  local,  others  a  general, 
effect.  They  may  be  ranged  under  two  headings — (1)  those 
which  diminish  the  vis  a  tergo,  or  force  with  which  the  blood 
is  driven  through  the  veins;  and  (2)  those  which  directly  impede 
the  return  of  blood  by  the  veins. 

1.  Diminished  cardiac  power  is  chief  in  the  first  group,  and  one 
of  the  most  important  causes  of  mechanical  hypersemia.  The 
motor  power  of  the  heart  becomes  impaired  in  many  of  the 
chronic  exhausting  diseases,  also  in  the  acute  febrile  diseases, 
as  in  typhus  and  typhoid  fever,  and  in  those  degenerations  of 
its  structure  which  lead  to  dilatation  of  its  cavities.  In  which- 
ever of  these  ways  the  vis  a  tergo  is  diminished,  that  diminished 
fulness  of  the  arteries  and  overfulness  of  the  veins  which  are  so 
familiar  clinically  as  the  result  of  cardiac  failure,  will  be  pro- 
duced. If  this  condition  be  of  long  duration,  there  is  necessarily 
so  much  interference  with  the  oxygenation  of  the  blood,  with 
the  functions  of  the  blood-forming  organs,  and  with  the  pro- 
cesses of  digestion  and  assimilation,  that  the  blood  itself  becomes 
deteriorated,  and  thus,  by  its  lagging  in  every  tissue,  nutrition 
in  general  suffers. 

In  the  arteries,  the  driving  force  may  be  weakened  by  obstruc- 
tion, total  or  partial,  of  an  arterial  trunk  from  any  cause,  or  by 
uncompensated  dilatation  (p.  195),  which  is  likely  to  arise  from 
simple  atony,  or  from  those  fatty,  atheromatous,  or  fibroid 
changes  of  the  arterial  wall,  so  common  in  advanced  life. 

Obstruction  to  the  circulation  in  capillaries  arises  mainly  from 
pressure  of  inflammatory  effusions,  dropsy,  etc.,  on  capillary 
areas. 

With  regard  to  the  veins,  absence  of  muscular  contraction, 
especially  in  the  lower  extremity,  or  such  dilatation  as  produces 
incompetence  of  valves,  and  thus  renders  muscular  action  useless 
as  an  aid  to  circulation,  is  an  important  auxiliary.  So,  too,  is 
anything  which  diminishes  the  elastic  force  with  which  the  lung 
tends  to  draw  away  from  the  pleural  wall,  and  thus  lessens 
thoracic  aspiration.  Forcible  expiration  will  replace  the  normal 
minus-pressure  within  the  thorax  by  a  plus-pressure,  and  thus 
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playing  wind  instruments  impedes  entry  of  blood  from  veins 
into  the  heart.  Emphysema,  efiusion  of  air  or  fluid  into  the 
pleurae,  and  large  new  growths  of  the  lung,  act  similarly. 

When,  by  the  above  conditions,  variously  combined,  the  cir- 
culation is  much  retarded,  hypostatic  congestions  of  the  posterior 
edges  and  bases  of  the  lungs,  of  the  skin  over  the  sacrum,  and 
of  other  parts  kept  constantly  dependent,  occur.  Slowing  of 
the  circulation  causes  the  veins  of  distant  parts  to  become 
especially  full.  If  such  a  part  be  also  dependent,  the  pressure 
(not  the  driving  force)  in  its  vessels  is  increased  by  gravity  in 
proportion  to  the  vertical  distance  from  the  highest  point  of  the 
body,  in  any  given  position,  to  the  part  in  question  (p.  195) ; 
and  if  the  patient  is  so  weak  as  to  be  unable  to  change  his 
position,  this  high  pressure  is  constantly  maintained — dilating 
veins  and  capillaries  more  or  less  fully,  and  greatly  increasing 
the  tendency  to  leakage  through  the  malnourished  vessels.  Thus 
the  part  is  ledder  than  normal,  and  oedematous;  also  softer. 
The  base  of  the  lung  seems  but  a  short  way  from  the  heart ;  it 
is,  however,  the  point  in  the  pulmonary  circulation  furthest 
from  the  right  ventricle,  which  is  weaker  than  the  left  in  pro- 
portion as  the  resistance  which  it  has  to  overcome  is  less.  More- 
over, in  bedridden  patients,  breathing  is  often  very  shallow,  and 
the  effect  of  expiration  in  driving  blood  on  to  the  left  auricle  is 
much  diminished  (see  "Hypostatic  Pneumonia").  That  dropsy 
from  hydreemia  or  heart  disease  begins  in  the  legs  of  people 
walking  about  is  also  due  largely  to  gravity. 

2.  Direct  impediments  to  the  return  of  blood  by  the  veins  are 
numerous.  The  congestion  of  the  chylopoietic  viscera  which 
results  from  the  obstruction  to  the  portal  circulation  in  cirrhosis 
of  the  liver;  that  of  the  lung  in  mitral  constriction  and  regurgi- 
tation ;  that  of  the  systemic  circulation  in  insufficiency  of  the 
tricuspid  valve;  and  that  of  the  lower  extremities  from  the 
pressure  of  the  gravid  uterus  on  the  iliac  veins,  are  a  few  of 
the  numerous  familiar  examples  of  mechanical  hypersemia  from 
this  cause. 

Results.  —  Whether  there  be  a  direct  impediment  to  the 
return  of  blood  by  the  veins  or  a  failure  in  the  forces  of  circula- 
tion, the  veins  and  capillaries  dilate,  and  the  blood  accumulates 
in  them  and  moves  with  diminished  velocity.  The  subsequent 
changes  will    depend    upon  the  amount  of  obstruction  to  the 
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venous  return  and  the  force  of  the  arterial  circulation;  in  other 
words,  upon  the  injury  sustained  by  the  vessel-walls  from 
impaired  nutrition,  and  upon  the  increase  of  pressure  in  the 
veins  and  capillaries.  The  most  important  of  these  changes 
are  —  the  transudation  of  serum,  the  diapedesis  of  the  red 
blood-corpuscles,  hemorrhage,  fibroid  induration,  thrombosis, 
and  necrosis. 

1.  Transudation  of  Serum.  This  is  the  earliest  and  one  of  the 
most  important  results  of  mechanical  hyperaeraia.  The  influ- 
ence of  increased  pressure  upon  the  amount  of  transudation  is 
shown  experimentally  thus :  Tie  the  main  vein  of  the  ear  of  a 
rabbit  on  each  side,  and  divide  the  sympathetic  in  the  neck  on 
one  side;  the  transudation  of  serum  into  the  ear  of  that  side  on 
which  the  nerve  is  divided  will  be  very  considerable,  whilst  on 
the  other  it  will  be  slight,  or  entirely  wanting.  The  serum 
transudes  from  the  capillaries  and  small  veins,  and  not  from  the 
small  arteries,  and  differs  from  plasma  in  being  of  lower  specific 
gravity,  in  containing  less  albumen,  and  in  having  very  little 
tendency  to  coagulate,  which  is  probably  due  to  the  small 
number  of  white  corpuscles  present  in  it.  Ked  corpuscles  may 
be  present  in  small  or  large  numbers — varying  directly  with  the 
amount  of  obstruction.  The  greater  the  pressure,  and  the  more 
the  nutrition  of  the  wall  suffers,  the  more  nearly  does  the  trans- 
uded liquid  resemble  the  liquor  sanguinis,  and  the  greater  is  the 
amount  of  albumen  which  it  contains.  If  the  pressure  be  very 
great,  it  may  yield  a  fibrinous  coagulum. 

The  increased  absorption  by  lymphatics  which  follows  in- 
creased transudation  from  the  bloodvessels,  may  be  suflScient  to 
prevent  any  accumulation  of  serum  in  the  part — as  is  the  case, 
for  example,  in  the  ear  of  the  rabbit,  where  the  main  vein  is 
obliterated,  but  the  arteries  are  not  dilated  (see  above).  Where 
the  lymphatic  absorption,  however,  is  insufficient  to  remove  the 
transuded  liquid,  this  accumulates  and  gives  rise  to  oedema  and 
dropsical  effusion.  The  amount  of  transudation  will  be  influ- 
enced by  the  anatomical  characters  of  the  tissue,  being  most  in 
those  parts  in  which  the  bloodvessels  are  least  supported,  as  in 
the  subcutaneous  tissue,  and  in  tissues  which  present  a  free  sur- 
face, as  serous  and  mucous  membranes.  A  lax  and  toneless 
condition  of  the  vessels  also  will  favor  transudation. 
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2.  Diapedesis  of  Bed  Blood-corpuscles.  "When  the  obstruction 
to  the  venous  return  is  great,  not  only  does  serum  transude  from 
the  veins  and  capillaries,  but  red  blood-corpuscles  also  escape 
from  the  same  vessels.  This  diapedesis  of  red  corpuscles  in 
mechanical  hypersemia  was  discovered  by  Cohnheim.  It  may 
be  observed  in  the  web  or  tongue  of  the  frog  after  ligature  of 
the  main  vein.  The  red  corpuscles  accumulate  in  increasing 
numbers  in  the  veins  and  capillaries,  the  blood-stream  in  these 
vessels  completely  stagnates,  the  red  corpuscles  become  so 
closely  packed  that  their  individual  outlines  are  scarcely  distin- 
guishable, the  coherent  mass  oscillates  to  and  fro  with  the 
arterial  pulsation,  and  then  suddenly  some  of  the  red  corpuscles 
penetrate  the  walls  of  the  small  veins  and  capillaries  and  escape 
into  the  surrounding  tissue.  This  diapedesis  occurs  without 
rupture  of  the  vessel,  and  if  the  ligature  be  removed,  the  blood 
again  circulates  in  a  perfectly  normal  manner.  The  corpuscles 
appear  to  be  squeezed  through  the  capillary  walls  as  the  result 
of  the  pressure,  and  rarely  escape  in  great  numbers.  Perhaps 
they  pass  through  the  stomata  which  Recklinghausen  has 
shown  to  exist  between  the  endothelial  elements;  but  as  plasma 
could  easily  pass  through  openings  large  enough  "for  a  red  cor- 
puscle, and  as  the  transudation-fluid  difters  markedly  from 
plasma,  Cohnheim  considers  that  the  existence  of  these  stomata 
is  not  necessary  to  account  for  the  diapedesis. 

3.  Hemorrhage.  This  is  another  result  of  mechanical  hyper- 
femia,  which  usually  occurs  only  when  the  obstruction  to  the 
venous  current  is  very  great.  It  is  probable,  too,  that  the 
nutrition  of  vessels  and  tissues  has  suffered  from  long  conges- 
tion ;  for  very  heavy  strains  may  be  put  upon  healthy  vessels 
without  their  giving  way.  Those  vessels  which  are  the  least 
supported  are  the  first  to  give  way.  Hemorrhage  into  the 
stomach  in  cirrhosis  of  the  liver,  and  into  the  lung  in  mitral 
disease,  are  familiar  examples  of  this  result. 

4.  Fibroid  Induration.  This,  which  is  due  to  a  gradual  increase 
in  the  connective  tissue  around  the  bloodvessels,  is  one  of  the 
most  important  results  of  long-continued  mechanical  hyperemia. 
The  interstitial  growth  leads  to  atrophy  of  the  higher. structures, 
and  thus  to  impairment  of  the  functions  of  the  organ.  In  the 
stomach,  it  produces  atrophy  of  the  glandular  structures;  in 
the  kidney,  compression  of  the  uriniferous  tubes;  in  the  liver, 
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obstruction  to  the  portal  circulation;  in  the  heart,  diminution 
in  motor  power.  The  alterations  which  this  change  produces 
in  the  physical  characters  of  the  organs — viz.,  induration  asso- 
ciated with  abnormal  redness,  due  to  the  excess  of  blood  or 
pigmentation  from  hfematoidin — are  exceedingly  characteristic. 

5.  Thrombosis,  as  a  result  of  mechanical  obstruction,  will  be 
described  in  the  following  chapter. 

6.  Necrosis  occurs  from  mechanical  hypersemiai  only  when  the 
obstruction  is  very  general  and  complete.  It  has  been  already 
described  (p.  38). 

In  addition  to  the  foregoing,  long- continued  mechanical 
hyperemia  leads  to  impairment  of  vitality  and  function.  The 
tissues  gradually  undergo  retrogressive  changes  and  atrophy, 
although  from  the  amount  of  serosity  and  blood  which  they 
contain,  their  size  and  absolute  weight  may  be  increased.  Their 
temperature  becomes  lowered.  This  form  of  hypersemia  has  no 
tendency  to  cause  multiplication  of  tissues  other  than  the  con- 
nective (fibroid  induration),  and  the  epithelial,  as  seen  in  catarrhs 
of  mucous  membranes. 

Mechanical  Hyperemia  of  the  Liver.  JN'utmeg  Liver. — 
L'ong-continued  mechanical  hypersemia  of  the  liver  gives  rise  to 
the  condition  known  as  Nutmeg  Liver.  This  is  the  condition 
which  so  frequently  results  from  disease  of  the  heart.  The 
change  is  characterized  by  a  large  accumulation  of  blood  in  the 
hepatic  veins,  which  dilate  and  thicken ;  by  atrophy  of  the  hepatic 
cells  in  the  central  portions  of  the  acini;  and  by  increase  of  the 
interlobular  connective  tissue.  The  impediment  to  the  return 
of  blood  by  the  hepatic  vein  leads  to  pressure-atrophy  of  the 
cells  in  the  central  portions  of  the  acini,  and  also  to  the  formation 
of  granular  pigment,  so  that,  when  examined  microscopically, 
these  portions  of  the  acini  are  seen  to  consist  of  broken-down 
cells  and  granules  of  pigment.  (Fig.  67.)  The  veins  here  are 
found  much  dilated,  and  filled  with  red  blood-corpuscles.  (Fig. 
68.)  Their  walls  are  thickened,  and  there  often  appears  to  be 
also  more  or  less  thickening  of  the  intercellular  network  which 
immediately  surrounds  the  central  vein.  Owing  to  this  thick- 
ening of  the  central  vein  and  of  the  adjacent  intercellular 
network,  and  to  the  destruction  of  the  liver-cells,  the  most 
central  portions  of  the  acini,  in  advanced  stages  of  the  disease, 
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may  present  a  fibrous  appearance.     At  the  peripheral  parts  of 
the  acini  the  new  interlobular  growth  is  seen  insinuating  itself 
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:i  Nutmeg   Liver.      Portion    of    Fig.    67, 

around  central    hepatic    vein   (V),  more 

highly  magnified.     Showing  the  thicken- 

,/  ing  of  the  veins,  and  the  accumulation  of 

'/  red  blood-corpuscles  within  them.  X  400. 

between  the  almost  unaltered 
liver-cells.     This   new   inter- 

Nutmeg  Liver.  Showing  the  destruction  of  lobular  grOWth  -is  USUallj  dis- 
the  liver-cells  and  the  pigmentation  of  the  tluctlj  UUCleatcd,  but,  for  the 
central  portions  of  the  acinus,  together  with 
the  new  growth  of  connective  tissue  at  the 
periphery.  V.  Hepatic  vein.  P.  Portal  canal. 
X  50.  (When  the  specimen  is  more  highly 
magnified,  the  peripheral  connective  -  tissue 
growth  is  seen  to  contain  numerous  nuclei.) 


most  part,  less  so  than  that 
met  with  in  cirrhosis.  Its 
cellular  character  has  been  in- 
sisted upon  especially  by  Dr. 
Wickham  Legg. 
In  the  earlier  stages  of  this  aiFection  the  liver  is  often  con- 
siderably increased  in  size  from  the  large  amount  of  blood 
which  it  contains.  On  section,  it  presents  a  peculiar  mottled 
appearance,  the  centre  of  the  lobules  being  of  a  dark  red  color, 
whilst  the  peripheral  portions  are  of  a  yellowish-white.  This 
latter  appearance  is  often  increased  by  fatty  infiltration  of  the 
peripheral  liver -cells.  Ultimately,  the  organ  may  undergo  a 
gradual  diminution  in  size.  This  is  due  to  atrophy  of  the 
cells  in  the  central  portions  of  the  lobule,  partly  from  pressure 
of  the  dilated  central  veins  and  malnutrition,  and  partly  from 
the  pressure  of  the  contracting  interlobular  growth.  The  inter- 
lobular growth  tends  to  cause  obstruction  to  the  portal  circula- 
tion, as  in  cirrhosis. 


V  E  NOUS     II  Y  V  K  R  .E  MIA, 
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Mechanical  Hypeh^.mia  of  the  Lungs. — In  the  lungs,  long- 
continued  mechanical  hypersemia  produces  that  peculiar  indura- 
tion and  pigmentation  which  is  known  'ds  Brown  Induration.  This 
most  frequently  results  from  stenosis  andinsufficiency  of  the  mitral 
orifice.  The  alterations  produced  in  the  pulmonary  texture  consist 
in  the  first  place  of  elongation  and  dilatation  of  the  pulmonary 
capillaries,  so  that  even  in  uninjected  preparations  the  alveolar 
walls  appear  abnormally  tortuous.    The  epithelial  cells  lining  the 

Fig   69. 


Broivn  induration  of  the  lung.  Showing  the  abnormal  number  of  swollen  pigmented 
epithelial  cells  covering  the  alveolar  walls,  the  increase  of  connective  tissue  around  the 
bloodvessels,  a,  and  the  large  quantity  of  pigment.     6.   The  alveolar  cavity.     X  200. 


alveoli  become  swollen,  probably  multiply,  and  are  seen  in  large 
numbers,  filled  with  dark  brown  pigment,  covering  the  alveolar 
walls.  (Fig.  69.)  They  frequently  accumulate  within  the 
alveolar  cavities.  These  changes  are  followed  by  an  increase 
in  the  interlobular  connective  tissue,  by  the  formation  of  large 
quantities  of  brownish-black  pigment,  and  often  by  a  thickening 
of  the  alveolar  walls.  Sometimes  the  pulmonary  capillaries 
rupture,  and  blood  is  extravasated  into  the  lung-tissue. 

Lungs  in  which  these  changes  are  at  all  advanced  present  a 
more  or  less  uniform  brownish-red  tint,  mottled  with  brown  or 
black  specks  and  streaks.  They  are  heavier  and  tougher  than 
natural,  less  crepitant,  and  upon  squeezing  them  the  pulmonary 
tissue  is  found  to  be  denser  and  thicker  than  that  of  a  healthy 
lung. 


2 1  ( )        CHANGES    IN    THE    BLOOD    AND    CIRCULATION. 

Post-mortem  Appearances  of  Hyperemia. — The  post-mortem 
appearances  presented  by  hypersemic  organs  and  tissues  vary 
considerably.  Very  frequently  parts  which  were  hypersemic 
during  life  show  no  signs  of  it  after  death.  If  the  blood  does 
not  coagulate  rapidly,  post-mortem  contraction  of  the  arteries 
forces  it  on  into  the  veins;  and  thus  the  recognition  of  arterial 
and  capillary  hyperaemia  becomes  impossible.  The  effect  of  gravi- 
tation must  also  be  taken  into  account  in  estimating  hypersemia. 
After  death  the  blood  naturally  gravitates  to  the  most  dependent 
parts,  distending  the  vessels,  now  simply  elastic — this  is  seen  in 
the  post-mortem  congestion  of  the  posterior  portions  of  the  lungs, 
and  of  the  most  dependent  portions  of  the  various  coils  of  the 
intestine.  The  uniform  redness  of  post-mortem  staining  again 
must  not  be  confounded  with  the  redness  of  hypersemia.  In 
capillary  and  arterial  hypersemia,  the  color  is  red,  and  the  injec- 
tion often  presents  the  appearance  of  a  capilliform  network ;  if 
very  intense,  it  may  to  the  naked  eye  appear  uniform,  but  a  lens 
will  always  discover  its  capillary  nature.  When  the  veins  are 
the  seat  of  the  hypersemia  the  injection  is  called  "  rarniform," 
and  the  color  is  dark  blue. 

The  anatomical  peculiarities  in  the  distribution-  of  the  blood- 
vessels will,  however,  materially  affect  the  appearance  of  the 
hypersemia.  In  the  intestines  it  is  often  punctiform,  being  situ- 
ated in  the  vessels  of  the  villi ;  so  also  in  the  kidney,  when  its 
seat  is  the  Malpighian  corpuscles.  A  punctiform  appearance 
may  be  produced  also  by  minute  extravasations  of  blood.  If 
the  hypersemia  is  of  long  standing,  the  tissue  becomes  pig- 
mented by  the  altered  haemoglobin  of  transuded  red  corpuscles. 
This  is  often  well  seen  in  the  stomach  and  intestines  ("shorn- 
beard  "  appearance) ;  also  in  the  lungs. 
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CHAPTER    XXV. 


THROMBOSIS. 


Thrombosis  is  a  coagulation  of  the  blood  within  the  vessels 
(luring  life.  The  coagulum  is  called  a  thrombus,  in  opposition 
to  a  clot — the  result  of  post-mortem  coagulation.  It  may  form 
in  the  heart,  arteries,  capillaries,  or  veins;  but  is  much  the  most 
common  in  the  veins. 

Causes. — The  phenomenon  of  blood-coagulation  has  been 
shown  by  Alexander  Schmidt  to  depend  largely  upon  the  white 
blood-corpuscles.  Fibrin  is  formed  by  the  union  of  two  albu- 
minoid bodies — fibrinogen  and  fibrinoplastin,  and  their  union  is 
efifected  by  a  fibrin  ferment.  Fibrinogen  exists  as  such  in  the 
liquor  sanguinis,  but  the  ferment  and  the  greater  part  of  the 
fibrinoplastin  are  contained  in  the  white  blood-corpuscles.  De- 
struction of  some  of  these  corpuscles,  and  liberation  of  the  fer- 
ment and  fibrinoplastin,  are  therefore  necessary  for  coagulation 
to  take  place. 

Schmidt  has  shown  also  that  when  blood  escapes  from  the 
vessels  a  large  number  of  white  blood-corpuscles  are  at  once 
destroyed.  It  has  further  been  noticed  that  clotting  during  life 
is  associated  with  abnormality  of  the  wall  of  the  vessel  in  which 
it  occurs.  We  suppose,  therefore,  that  fluidity  of  the  blood 
during  life  is  due  to  some  influence  which  normal  vessel-walls 
exercise  upon  the  white  blood-corpuscles,  preventing  their  de- 
struction in  any  number.  Some  are  constantly  being  broken  up, 
and  a  varying — but  small — quantity  of  ferment  is  always  present 
in  the  blood ;  but  the  vessel-wall  has  apparently  the  power  of 
destroying  it  or  inhibiting  its  action  ;  for  coagulation  does  occur 
if  much  ferment  is  introduced  into,  or  is  formed  in  the  blood. 
The  nature  of  this  supposed  influence  of  the  vessel-wall  is  quite 
unknown,  but  it  seems  certain  that  it  is  exercised  by  the  endo- 
thelium—-for  we  know  that  fatty  and  calcareous  changes  of  the 
middle  coat  do  not  cause  coagulation,  whilst  atheromatous  ulcers, 
foreign  bodies,  pieces  of  new  growth,  which  are  all  bare  of  endo- 
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thelium,  do;  also  that  injury  to  capillaries,  which  possess  only 
endothelium,  causes  thrornhosis  in  them. 

Prolonged  contact  with  an  abnormal  vessel-wall  will,  of 
course,  favor  coagulation,  as  is  well  seen  in  the  cure  of  aneu- 
risms. But  retarded  flow  was  regarded  as  an  exciting  cause  of 
coagulation  in  apparently  normal  vessels,  and  so  it  js — indirectly. 
For  impaired  circulation  in  a  part  means  damage  to  its  tissues — 
to  its  vascular  endothelium  among  others.  If  the  endothelium 
is  kept  fairly  nourished  in  spite  of  stagnation  within  the  vessel, 
the  stagnant  blood  will  not  coagulate.  Blood  within  a  tied-off 
turtle's  heart  does  not  coagulate  until  the  heart  dies.  The 
time  before  coagulation  occurs  in  the  jugular  vein  of  a  mammal 
is  longer  in  proportion  to  the  care  with  which  it  is  laid  bare 
and  the  ligatures  are  applied,  and  if  this  operation  be  done  anti- 
septically,  coagulation  does  not  occur  at  all.  Eetardation  and 
even  stagnation  of  flow  must  therefore  be  regarded  as,  at  most, 
but  an  indirect  cause  of  thrombosis,  though  it  is  always  a  fav- 
oring circumstance.  Abnormality  or  removal  of  endothelium  is  the 
essential  condition.     The  causes  producing  this  are  numerous : 

1.  Injuries,  mechanical,  chemical,  or  physical,  which  destroy 
or  greatly  injure  the  vessel-wall.  The  most  impojtant,  because 
the  most  frequent  of  these,  are  section  and  rupture  of  vessels, 
in  which  thrombosis  is  the  means  by  which  hemorrhage  is  tem- 
porarily checked,  atid  ligature,  torsion,  cautery,  etc.,  the  means 
by  which  surgeons  temporarily  arrest  hemorrhage  which  the 
natural  processes  are  insufficient  to  stop.  All  of  these,  obvi- 
ously, cause  great  injury  to  the  vessel-wall.  Other  examples  of 
such  injury  are  afforded  by  the  action  of  chemical  caustics,  and 
of  the  causes  of  severe  inflammations.  These  latter  may  be 
borne  to  the  part  by  the  vessels,  and  attack  them  from  within, 
or  they  may  travel  along  the  lymphatic  spaces,  and  act  on  the 
vessels  from  without. 

2.  Ihe  Presence  in  the  Vascular  System  of  Substances  not  Covered 
by  Endothelium.  Needles,  horse-hair,  or  wire  introduced  into 
the  sac  of  an  aneurism,  induce  clotting  upon  themselves,  as  also 
do  already  existing  clots  (thrombus  or  embolus),  parasites  which 
have  penetrated  vessels,  and  new  growths  which  project  into 
the  interior  of  veins. 

3.  Such  Changes  in  the  Blood,  or  in  the  Blood-supply  of  a  Part, 
as    Cause  Disease  of  the    Vessel  walls   by   Imperfect   or    Improper 
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Nutrition.  This  is  a  most  important  group.  The  simplest  of 
these  causes  is  a  tendency  to  stagnation  of  blood.  This  may  be 
due  to  many  causes  (p.  202),  of  which  the  most  important  are 
cardiac  weakness,  general  diminution  of  vascular  tonus,  a  dilata- 
tion (varix)  of  veins.  All  these  may  well  be  combined  in  one 
case  to  retard  the  circulation,  and  thus  to  produce  an  abnormal 
vessel-wall,  and  prolonged  contact  of  the  same  blood  with  it. 
The}'^  are  the  conditions  which  give  rise  to  the  "  marasmic  clots" 
of  Virchow.  These  form  in  the  most  dependent  veins — e.g., 
those  of  the  lower  limb,  pelvis,  or  back,  and  in  those  parts  of 
the  heart  in  which  blood  tends  earliest  to  remain  when  the 
organ  does  not  completely  empty  itself — viz.,  the  auricular 
appendices,  the  apices  of  the  ventricles,  and  between  the  trabe- 
culse.  In  veins  these  clots  begin  just  behind  the  flaps  of  valves  : 
the  force  of  the  venous  current  being  so  slight,  or  the  resistance 
to  it  being  so  great,  that  it  no  longer  completely  opens  the 
valves;  the  blood  consequently  stagnates,  and,  after  a  time, 
coagulates  behind  them.  Such  clots  occur  in  the  course  of 
many  exhausting  diseases — as  phthisis,  cancer — in  which  throm- 
bosis is  materially  facilitated  by  the  quiescent  state  of  the  patient. 
Careful  examination  of  the  sites  of  recent  thrombi  is  said  to  have 
demonstrated  absence  of  endothelium;  but  it  might  well  have 
disappeared  secondarily. 

Next  come  all  diseases  of  heart  or  vessel-wall  which  produce 
loss  or  impaired  vitality  of  the  endothelium.  In  the  heart, 
inflammation  of  the  endocardium  causes  destruction  of  its  endo- 
thelium, and  the  growth  of  granulation-tissue  from  the  opposed 
surfaces  of  valves  or  elsewhere;  coagulation  is  frequent  upon 
these  vegetations  (see  "Endocarditis").  In  the  vessels,  athero- 
matous ulcers,  bare  calcareous  plates,  syphilitic  inflammation, 
and  changes  due  to  involvement  of  veins  or  arteries  in  spreading 
inflammations,  may  induce  thrombosis  similarly.  Inflammation 
was  formerly  regarded  as  the  main,  if  not  the  only,  cause  of 
thrombosis;  hence  thrombosis  in  veins  is  frequently  termed 
"  phlebitis  "  even  at  the  present  day.  Inflammation  of  veins,  as 
already  stated,  is  certainly  rare  as  a  priynary  condition,  although 
it  not  infrequently  results  from  the  formation  of  a  thrombus. 

The  thrombosis  which  occurs  as  an  occasional  complication 
of  acute  specific  fevers  is  explained  by  the  observation  of  Ponfick 
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that  in  these  diseases  desquamation  of  endothelium  may  occur 
over  large  areas  of  vessels. 

JN^o  one  who  looks  at  the  wall  of  an  aneurism  containing  clots 
will  doubt  that  abnormality  of  wall  exists;  and  the  ordinary 
methods  of  cure  consist  in  rendering  the  circulation  through  it 
— already  slowed  by  the  dilatation — still  slower — i.  e.,  in  pro- 
longing the  contact  of  the  blood  with  an  abnormal  surface.  In 
varicose  veins,  which  are  frequently  the  seats  of  thrombosis,  the 
endothelium  can  scarcely  ever  be  healthy,  though  it  may  not  be 
so  defective  as  to  excite  coagulation.  Here  again  alteration  of 
vessel-wall  is  the  exciting,  slowing  of  circulation  the  predis- 
posing, cause  of  clotting. 

4.  Certain  conditions  of  the  blood  favor  coagulation  and  promote 
the  occurrence  of  thrombosis.  It  is  said  that  the  tendency  to 
coagulate  is  increased  in  the  later  months  of  pregnancy,  and 
after  profuse  hemorrhage.  To  whatever  cause  it  may  be  due, 
an  increased  tendency  of  the  blood  to  coagulate  is  probably 
never  more  than  a  predisposing  cause  of  thrombosis.  In  septic 
fevers,  thrombosis  is  not  uncommon  at  points  having  no  direct 
relation  to  a  wound.  Perhaps  the  blood-state  may  here  assist 
the  other  usual  causes  in  the  production  of  a  marasmic  clot,  but 
it  is  also  possible  that  organisms  may  play  a  part  in  the  process. 
This  seems  particularly  likely  in  those  frequent  cases  of  venous 
thrombosis,  often  going  on  to  puriform  softening  and  secondary 
phlebitis,  which  occur  side  by  side  with  erysipelas,  pyaemia,  etc., 
and  which  have  gained  for  phlebitis  a  place  amongst  hospital 


Characters  of  and  Differences  between  Clots  and  Thrombi. 
— The  ordinary  red  clot  of  blood  drawn  from  a  vein,  the  "  buiFy  " 
clot  of  inflammation  or  of  delayed  coagulation,  and  the  white 
clot  free  from  red  corpuscles  obtained  by  whipping  blood  with 
anything  having  a  large  rough  surface,  show  the  characters  and 
modes  of  formation  of  the  thrombi  with  which  we  have  to  deal. 

Post-mortem  coagula  in  the  heart  are  generally  buffy,  the  thick- 
ness of  the  uppermost  pale  layer  varying  directly  with  the  time 
which  elapses  before  the  heart-substance  becomes  so  altered  as 
to  allow  coagulation  to  begin.  Both  in  the  heart  and  vessels, 
coagulation  occurs  in  that  part  of  the  blood  which  is  furthest 
removed  from  the  influence  of  the  wall ;  hence,  the  smaller  the 
vessel,  the  later  does  post-mortem  clotting  occur.     Such  clots 
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are  soft,  watery,  never  adherent,  do  not  completely  fill  the 
vessels,  and  can  be  easily  drawn  out  of  them  as  long  strings. 

Clots  formed  in  the  heart  just  before  death  connect  post-mortem 
clots  and  thrombi.  These  are  probably  partly  due  to  "whip- 
ping" by  the  chord?e  tendineae,  etc.,  of  the  blood,  which  tends 
to  stagnate  when  the  heart  is  too  weak  to  empty  its  cavities. 
As  would  be  expected,  they  are  more  or  less  uniformly  decolor- 
ized, and,  though  not  adherent,  are  often  so  much  entangled 
among  the  chordae,  etc.,  that  they  cannot  readily  be  removed. 
From  their  longer  duration,  and  more  complete  contraction, 
they  are  firmer  and  less  watery  than  post-mortem  clots. 

Thrombi  or  ante-mortem  clots  are  of  two.  kinds — red  and  white, 
according  as  they  originate  from  quiescent  or  circulating  blood. 
In  the  former  case,  as  seen  in  an  artery  or  vein  after  ligature, 
more  or  less  of  the  stagnant  blood  on  either  side  of  the  knot 
coagulates  into  an  ordinary  red  clot — soft,  uniform  on  section, 
and  adherent  to  the  vessel-wall  where  this  is  injured.  The 
thrombus  then  contracts,  still  adhering  to  the  wall,  becomes 
drier  and  less  elastic,  but  is  still  red.  This  is  the  state  in  which 
a  red  thrombus  is  generally  found. 

But  when  coagulation  occurs  in  blood  which  is  still  circu- 
lating, as  in  the  sac  of  an  aneurism  or  on  a  cardiac  vegetation, 
a  lohite  or  mixed  thrombus  results.  The  abnormal  surface  causes 
each  successive  quantity  of  blood  which  passes  to  leave  upon  it 
a  little  fibrin  and  some  of  its  most  sticky  elements — leucocytes. 
If  the  blood-stream  is  languid,  more  or  fewer  red  corpuscles 
remain  in  the  thrombus,  rendering  it  mixed.  These  thrombi 
are  grayish-white  or  reddish,  firmly  adherent  to  the  wall,  and  it 
is  peculiar  to  them  that  they  are  stratified.  This  is  probably  due 
to  variations  in  the  rate  of  deposition  of  the  fibrin,  in  the  blood- 
pressure  to  which  it  is  subjected,  and  such  like  physical  con- 
ditions. 

A  thrombus  may  cause  partial  or  complete  obstruction.  Once 
formed,  it  tends  to  extend  by  deposition  of  more  fibrin  on  its 
surface.  As  a  rule,  this  extension  is  checked  by  the  rapidity  of 
flow  at  the  level  of  the  first  large  collateral  branch  in  each 
direction;  but  sometimes,  especially  in  veins,  thrombosis  be- 
comes "  continued,"  and  one  clot  may  extend  from  the  foot  to 
the  cava.  Both  in  arteries  and  veins,  extension  is  always  chiefly 
toward  the  heart,  though  it  may  occur  also  in  an  opposite  direc- 
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tion.     These  thrombi  generally  adhere  to  the  wall  throughout, 
but  sometimes  they  do  so  only  at  their  points  of  origin. 

In  the  capillaries,  coagulation  occurs  only  as  a  result  of  necrosis 
or  grave  injury  of  the  capillary  walls ;  for  thej^  are  so  small  that, 
so  long  as  they  are  living,  their  influence  in  preventing  clotting 
will  act  upon  the  whole  of  the  contained  blood  (Lister);  and 
consequently  thrombosis  does  not  extend  into  them  so  long  as 
there  is  sufficient  blood-supply  to  keep  them  alive. 

Later  Changes  in  Thrombi.  —  These  are :  Decolorization 
(when  red),  resolution,-  organization,  calcitication,  softening 
(simple  and  infective),  and  putrefaction. 

Decolorization.  The  first  change  in  a  red  thrombus  is  a  break- 
ing-down of  the  red  corpuscles;  their  stromata  become  unrecog- 
nizable, the  haemoglobin  is  set  free  and  in  great  part  absorbed, 
but  some  may  remain  as  granular  hseraatoidin.  As  a  result,  the 
thrombus  loses  its  deep  red  color.  The  process  begins  in  the 
centre,  and  takes  weeks  or  months  before  it  is  at  all  complete. 

Resolution.  That  many  thrombi  disappear  is  certain  from  such 
facts  as  repeated  bleedings  having  been  effected  at  long  intervals 
from  the  same  vein,  when  it  was  the  custom  for  people  to  be 
bled  every  "spring  and  fall;"  and  from  the  reestablishment  of 
the  circulation  through  superficial  veins  in  the  leg  or  spermatic 
veins,  which  are  known  to  have  been  thrombosed.  The  steps 
of  the  process  are  not  known.  In  cases  of  death  from  septic 
poisoning,  appearances  found_in  vessels  which  have  been  tied 
occasionally  indicate  that  thrombi  formed  before  the  onset  of 
the  fatal  disease  have  broken  down. 

Organization  has  been  studied  mainly  in  thrombi  forming  as 
the  result  of  ligature.  The  effect  of  the  application  of  a  ligature 
is  usually  to  cut  through  the  middle  and  internal  coats  of  the 
vessel;  these  contract  and  retract  somewhat,  turning  up  and 
down  into  the  lumen  of  the  vessel ;  and  the  constricted  external 
coat  is  all  that  is  left  in  the  grasp  of  the  noose.  In  a  few  hours 
a  red  thrombus  forms,  conical  in  shape,  and  adherent  by  its  base 
to  the  inverted  inner  and  middle  coats.  It  extends  for  two  or 
three  days,  and  finally  reaches  the  level  of  the  first  collateral 
branch — often,  for  some  unknown  reason,  stopping  short  of  this 
on  the  distal  side.  Meanwhile,  it  has  become  firmer,  drier,  and 
more  widely  adherent  about  its  base  to  the  artery.  This  adhe- 
sion progresses  as  the  thrombosed  piece  of  vessel  contracts  upon 
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the  clot,  until  it  becomes  universal.  By  the  second  day  a  huffy 
nodule  may  be  seen  in  the  base  of  the  deep  red  thrombus,  and 
it  rapidly  increases,  so  that  in  a  week  or  two  the  color  of  the 
clot  has  disappeared.  After  some  weeks  or  months  this  decolor- 
ized plug  is  found  to  have  been  replaced  by  connective  tissue 
intimately  united  with  the  artery,  which  has  the  appearance  of 
a  firm,  iibrous  core.  The  microscope  gives  the  following  expla- 
nation of  the  process  :  The  red  thrombus  consists  of  red  cor- 
puscles, with  a  few  white,  in  the  meshes  of  a  fibrin-coagulum. 

Fig.  70. 


of  an  arterial  thrombus  thirty-seven  days  old.     a.  New  bloodvessels, 
h.  Leucocytes  and  anastomosing  cells.     (Rindfleisch.) 


The  buffy  nodule  which  grows  into  the  base  of  the  clot  is  formed 
of  small  round  cells,  which  at  first  are  undoubtedly  leucocytes 
migrated  from  the  vasa  vasorum  injured  by  the  ligature.  But 
there  is  a  difference  of  opinion  as  to  the  origin  of  those  formed 
after  (say)  the  third  day.  By  this  time  the  cells  of  the  part  have 
recovered  from  the  injury  done  them  by  the  wound  and  ligature; 
and  it  is  stated  by  some  (Riedel,  Cornil,  and  Ranvier)  that  the 
endothelial  cells  multiply  and  send  rod-like  processes  into  the 
clot,  and  that  these  are,  henceforward,  the  source  of  the  invad- 
ing cells.  Others  deny  this,  and  maintain  that  the  new  cells  are 
all  leucocytes.  Senftleben  secured  between  double  ligatures 
pieces  of  vessels,  and  put  them  into  the  abdomens  of  rabbits. 
He  found  that  they  became  filled  with  connective  tissue  con- 
taining well-developed  spindle-cells,  and  concluded,  therefore, 
that  the  development  of  thrombi  during  life  also  depends  upon 
migrated    white    corpuscles,   and   not   upon   the   endothelium. 
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Obviously,  however,  proof  of  the  ability  of  white  corpuscles  to 
form  connective  tissue,  does  not  exclude  endothelium  from  doing 
so  likewise  as  a  regenerative   process.     However  formed,  the 

cell-mass  is  penetrated  by  blood- 
vessels, which  begin  to  grow 
from  the  capillaries  of  the  vessel- 
walls  on  the  second  day.  The 
cells  become  spindle-shaped  or 
branched  (Fig.  71),  tibrillation 
appears  either  in  them  or  in  the 
ground  substance  between  them; 
many  cells  disappear  as  the  fibres 
increase,  the  latter  contract,  and 
many  vessels  are  obliterated,  the 
result  being — the  fibrous  cord 
above  mentioned.  This  is  called 
organization  of  a  thrombus;  but 
it  is  evident  that  the  original 
thrombus  disappears  entirely, 
and  has  nothing  to  do  with  the 
process  which  goes-  on  in  the 
round-celled  mass,  of  the  origin 
of  which  we  are  uncertain.  The 
vessel-wall  is  converted  into 
fibrous  tissue,  and  blends  with 
that  of  the  clot. 

In  certain  cases,  channels  are 
formed  in  the  connective  tissue,  which  communicate  both  above 
and  below  with  the  lumen  of  the  vessel,  and  thus  the  circulation 
is  more  or  less  completely  reestablished.  They  are  probably 
due  to  dilatation  of  the  vessels  of  the  thrombus  (though  why 
this  should  occur  in  some  cases  and  not  in  others  is  unknown), 
and  give  rise  to  the  sinus-like  degeneration  of  Rokitansky.  It  is 
especially  common  at  the  junction  of  the  common  iliac  veins  in 
cases  of  "  white  leg,"  leading  to  more  or  less  perfect  recovery. 
It  is  rare  in  arteries. 

Organization  is  most  frequent  in  uniform,  unstratified  thrombi, 
and  especially  in  those  occurring  in  arteries.  But  long  clots  of 
this  kind,  such  as  occur  after  ligature  of  the  carotid  low  down, 
and  large  laminated  thrombi,  like  those  in  aneurisms,  may  long 


Longitudinal  section  of  the  ligatured 
end  of  the  crural  artery  of  a  dog,  fifty 
days  after  the  application  of  a  ligature. 
Showing  the  newly  formed  vessels  in  the 
thrombus  and  their  communication  with 
the  vasa  vasorum.  Th.  Thrombus.  M. 
Muscular  coat.  Z.  External  coat  and 
vasa  vasorum.     X  20.     (0.  Weber.) 
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remain  as  more  or  less  granular  masses  of  non-irritant  fibrin, 
without  any  sign  of  organization. 

Calcification.  This  occurs  in  some  clots,  giving  rise  to  phlebo- 
liths.     They  are  especially  common  in  the  prostatic  plexus. 

Softening.  1.  Simple.  A  thrombus  which  undergoes  neither 
of  the  previously  described  changes  often  softens.  This,  in  the 
majority  of  cases,  is  due  simply  to  the  chemical  changes  which 
the  constituents  of  a  clot  undergo  when  dead  but  aseptic,  and 
results  in  the  formation  of  a  more  or  less  fluid,  papp}^  substance, 
which  has  a  red  or  white  color  according  as  it  originates  from  a 
red  or  white  thrombus.  To  the  naked  eye  in  the  latter  case  it 
looks  much  like  pus,  and  the  change  used  to  be  spoken  of  as 
suppuration,  or  puriform  softening,  of  a  clot.  But  Virchow 
pointed  out  that  the  fluid  consisted  of  the  debris  of  corpuscles 
and  fibrin — albuminous,  fatty,  and  pigmentary  granules.  There 
may  be  a  few  recognizable  white  corpuscles  in  it,  which  have 
probably  migrated  from  without.  The  outer  laminae  generally 
form  a  firm  case  for  the  softened  central  part,  and  if  the  soften- 
ing approach  the  surface,  fresh  protective  clot  often  forms  at  the 
point;  but  the  encasing  clot  may  be  perforated  and  the  contents 
discharged  into  the  circulation.  The  larger  particles  will  give 
rise  to  embolisms,  probably  too  minute  to  cause  symptoms,  and 
circulation  is  reestablished  through  the  thrombus — the  process 
constituting  what  is  known  as  canalization  of  a  thrombus. 

2.  Infective.  But  in  certain  cases  of  puriform  softening,  to 
the  naked  eye  similar  to  the  above,  all  the  symptoms  of  septic 
poisoning  occur:  acute  suppurative  inflammation  of  the  vein- 
wall  is  shown  by  the  microscope;  and  any  portions  of  the  clot 
which  enter  the  circulation  are  so  intensely  irritating  as  to  cause 
suppuration  where  they  lodge.  (See  "  Pyaemia  and  Septicaemia.") 
The  difference  between  the  two  cases  is  this:  in  the  latter  form 
of  softening  micrococci  are  constantly  present,  and  it  is  to  them 
that  the  infective  properties  of  the  broken-down  clot  are  due. 
In  the  great  majority  of  these  cases  the  veins  affected  lead  di- 
rectly from  a  wound,  and  then  the  mode  of  entry  of  the  specific 
micrococci  is  evident.  In  a  small  number  of  patients,  also  with 
wounds,  the  thrombosis  and  softening  occur  in  veins  having  no 
kind  of  direct  connection  with  the  wound;  here,  too,  the  organ- 
isms enter  by  the  wound,  and  in  some  cases  at  least  the  throm- 
bosis is  secondary  to  a  general  septic  infection.     Finally,  there 
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remain  a  few  instances  in  which  no  pathological  breach  of  sur- 
face could  be  found  for  the  admission  of  the  germs;  it  is  thought 
that  in  these  they  must  have  passed  into  the  blood  through  the 
alimentary  or  respiratory  mucous  membrane. 

Putrefaction.  This  rare  change  is  due  to  the  entry  into  the 
clot  from  some  very  foul,  and  often  gangrenous,  surface  of  the 
bacterium  termo.  The  growth  of  this  organism  converts  the 
thrombus  into  a  stinking,  yellow-red  fluid,  which  is  highly  irri- 
tating. 

Results. — The  results  of  thrombosis  comprise  certain  changes 
in  the  walls  of  the  vessels,  more  or  less  obstruction  to  the  circu- 
lation, and  embolism.     These  must  be  considered  separately, 

1.  Changes  in  the  Vessels.  More  or  less  alteration  in  the  wall 
of  the  vessel  is  an  invariable  consequence  of  the  formation  of  a 
thrombus.  When  the  thrombus  undergoes  a  process  of  organi- 
zation, it  becomes,  as  already  described,  intimately  united  with 
the  vascular  wall.  The  latter,  in  the  first  place,  becomes  infil- 
trated with  cells,  and  considerably  thickened,  but  ultimately, 
together  with  the  thrombus,  gradually  atrophies.  It  is  when 
the  thrombus  undergoes  a  process  of  infective  puriform  soft- 
ening that  the  most  important  changes,  of  an  acute  inflamma- 
tory nature,  take  place  in  the  vessel.  They  are  due  to  the 
irritation  of  the  decomposing  thrombus,  and  are  most  frequently 
observed  in  the  veins,  where  infective  thrombi  are  most  likely 
to  occur.  The  walls  of  a  vein  within  which  a  thrombus  is  un- 
dergoing puriform  softening  are  considerably  thickened,  so  that 
to  the  naked  eye  it  resembles  an  artery.  The  inner  surface  has 
lost  its  translucency,  and  is  of  a  dead-opaque  color.  The  ad- 
ventitia  and  middle  coats  are  injected,  and  present  numerous 
hemorrhagic  points,  which  are  often  visible  through  the  intima. 
The  swelling  of  the  wall  is  due  to  dense  infiltration  with  leuco- 
cytes, which  conceals  all  normal  structure;  and  the  innermost 
cells  die,  and  are  shed  into  the  lumen  of  the  vessel.  Small  col- 
lections of  pus  may  be  seen  in  the  external  and  middle  coats. 
The  neighboring  tissue  may  also  become  involved.  These  acute 
inflammatory  changes  in  veins  constitute  what  is  known  as  sup- 
purative phlebitis.  Although  most  frequently  due  to  thrombosis, 
they  may  occur  also  as  the  result  of  extension  from  adjacent 
suppurating  tissues,  in  which  case  the  thrombus,  which  also 
undergoes  puriform  softening,  is  secondary  to  the  phlebitis.    (See 
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"  Inflammation  of  Veins.")  Similar  changes  are  observed  in  the 
arteries. 

2.  Obstruction  to  the  Circulation.  The  consequences  of  the 
obstruction  to  the  circulation  which  results  from  the  formation 
of  a  thrombus  will  depend  upon  the  rapiditj^  and  cause  of  its 
formation,  the  nature  and  size  of  the  vessel  obstructed,  the  situa- 
tion and  number  of  the  collateral  branches,  and  the  force  of  the 
circulating  current.  The  rapidity  with  which  the  obstruction 
is  effected  is  of  considerable  importance,  inasmuch  as  the  more 
gradual  this  is,  the  longer  is  the  time  allowed  for  the  establish- 
ment of  a  collateral  circulation.  For  this  reason,  the  interfer- 
ence with  the  circulation  caused  by  thrombosis  is,  for  the  most 
part,  less  marked  than  that  which  results  from  the  more  sudden 
obstruction  caused  by  embolism.  The  cause  of  the  thrombosis 
is  important  for  the  reason  already  stated,  viz.,  that  in  that  which 
results  from  retardation  of  the  circulation  the  coagulation  does 
not  extend  into  the  capillary  vessels  unless  necrosis  occurs. 

In  the  veins,  when  thrombosis  occurs  in  a  vessel  of  small  size, 
and  when  collateral  branches  are  numerous,  as  in  the  prostatic 
or  uterine  plexuses,  the  circulation  is  but  little  interfered  with, 
and  no  symptoms  of  obstruction  result.  If,  however,  the  main 
trunk  of  a  large  vein,  as  the  ileo-femoral,  becomes  obliterated, 
the  obstruction  is  followed  by  mechanical  hypersemia,  the  extent 
and  duration  of  which  will  depend  upon  the  facility  with  which 
the  circulation  can  be  restored  by  the  collateral  vessels.  It  must 
be  remembered,  however,  that  the  valves  in  veins,  when  they 
exist,  may,  by  preventing  back-flow,  offer  a  great  impediment 
to  collateral  circulation.  Thrombosis  in  the  above-named  vein 
frequently  occurs,  as  already  stated,  in  the  later  stages  of  many 
chronic  debilitating  diseases,  especially  in  phthisis ;  also  in  the 
puerperal  state,  where  it  gives  rise  to  the  condition  known  as 
phlegmasia  dolens.  As  the  femoral  is  almost  the  only  vein  which 
carries  blood  back  from  the  lower  limb,  the  effect  of  sudden 
blocking  of  it  is  marked.  At  first  perhaps  cyanotic,  the  limb 
becomes  swollen,  pallid  white,  painful,  and  too  tense  to  pit; 
and  there  is  often  more  or  less  tenderness  along  the  vein,  which 
feels  enlarged,  hard,  and  knotty.  These  symptoms  vary  greatly 
in  amount;  and  to  them  are  sometimes  added  those  of  lymphan- 
gitis and  cellulitis.  The  extent  of  the  thrombus — i.  e.,  the  num- 
ber of  collateral  branches  which  it  blocks,  and  the  strength  of 
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the  circulation,  will  do  much  to  account  for  the  amount  of 
ti?dema;  and  it  is  probable  that  the  more  acute  inflammatory 
symptoms  are  of  septic  origin.  The  circulation  is  usually  ulti- 
mately restored ;  but  if  the  impediment  has  been  of  long  dura- 
tion, the  tissues  become  thickened,  and  the  limb  is  left  in  a 
hard,  indurated,  and  somewhat  enlarged  condition. 

The  results  of  obstruction  in  arteries  have  been  already  con- 
sidered in  the  chapter  on  "  Local  Anseraia."  It  is  in  tissues 
with  terminal  arteries  that  the  interference  is  most  marked, 
and  here  hemorrhagic  infarction,  which  so  often  results  from 
embolism,  may  occur,  although,  owing  to  the  more  gradual 
obstruction  of  the  circulation,  it  is  less  likely  to  do  so.  (See 
"Embolism.") 

3.  Embolism.  Portions  of  the  thrombus  may  be  carried  away 
by  the  circulation,  thus  constituting  embolism.  This,  which  is 
the  most  important  result  of  thrombosis,  will  be  considered  in 
the  following  chapter. 


CHAPTER  XXVI. 

EMBOLISM. 

Embolism  is  the  impaction  of  solid  substances  circulating  in 
the  blood  in  vessels  which  are  too  small  to  allow  them  to  pass. 
The  solid  substances  are  termed  emboli,  and  are  very  various  in 
their  nature. 

By  far  the  most  frequent  sources  of  emboli  are  thrombi,  por- 
tions of  which  are  carried  from  the  seat  of  their  formation  by 
the  circulation.  Emboli  may,  however,  originate  independently 
of  thrombi — vegetations  and  calcareous  or  atheromatous  masses 
separated  from  the  valves  of  the  heart,  or  from  the  inner  surface 
of  arteries;  portions  of  new  growths,  as  carcinoma,  which, 
having  perforated  the  vessels,  have  been  carried  away  by  the 
current ;  parasites  which  have  made  their  way  into  the  interior 
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of  vessels;  Huid  fat  which  has  escaped  from  the  fat-cells  and 
entered  open  lymphatics,  as  occasionally  occurs  in  fractures  of 
bone,    etc.;  pigment   granules,   and   other 
substances,  may  all  constitute  emboli. 

A  thrombus  may  give  rise  to  emboli  in 
two  ways:  A  piece  may  be  swept  off  from 
a  firm,  undegenerate  clot;  or  the  thrombus 
may  soften,  and  the  results  of  this  process 
be  discharged  into  the  circulation,  when 
any  particles  too  large  to  pass  through  the 
finest  capillaries  will  give  rise  to  embolism. 
Portions  of  a  parietal  thrombus,  not  filling 
the  vessel,  may  readily  be  carried  away  by 
the  passing  current.  Perhaps,  however, 
the  most  frequent  way  in  which  a  thrombus 
gives  rise  to  embolism  is  by  the  breaking 
oft'  of  its  conical  cardiac  end  which  often 
projects  a  little  way  into  the  cavity,  or  over 
the  mouth,  of  a  vessel  in  which  the  current 
is  too  strong  to  allow  of  its  further  progress. 
(Fig.  72.)  Some  sudden  movement  or  exer- 
tion often  determines,  in  these  cases,  the 
separation  of  the  embolus.  It  is  especially 
venous  thrombi  which  gives  rise  to  embolism;  the  veins  of  the 
lower  extremity  and  jugular  veins  being  amongst  the  most 
common  sources.  Emboli  from  cardiac  thrombi  are  also 
exceedingly  common,  whilst  those  from  arterial  are  the  least 
frequent. 

Emboli  become  arrested  in  the  first  vessels  they  meet  wnth 
which  are  too  small  to  allow  them  to  pass.  And,  naturally,  the 
seat  of  impaction  will  usually  be  at  the  bifurcation  of  the  vessel, 
or  where,  from  the  giving  off  of  large  branches,  the  calibre 
diminishes  rapidly.  (See  Fig.  73.)  The  particles  may  be  so 
small  as  to  pass  through  even  the  finest  capillaries,  when  they 
give  rise  to  no  symptoms ;  or  they  may  pass  through  large  capil- 
laries, to  be  arrested  in  a  finer  set  beyond;  but,  as  a  rule,  they 
become  impacted  either  in  the  first  set  of  capillaries  which  they 
come  to,  or  in  some  larger  vessel  between  this  set  and  their  seat 
of  origin.  Thus,  emboli  originating  in  the  systemic  veins  or  in 
the  right  cardiac  cavities,  will  most  commonly  become  arrested 


A  thrombus  in  the  sa- 
phenous vein.  Showing 
the  projection  of  the  coni- 
cal end  of  the  thrombus 
into  the  femoral  vessel. 
S.  Saphenous  vein.  T. 
Thrombus.  C.  Conical  end 
projecting  into  femoral 
vein.  At  v  v,  opposite  the 
valves,  the  thrombus  is 
softened.     (Virchow.) 
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in  the  vessels  of  the  lungs;  those  originating  in  the  arteries,  the 
left  cardiac  cavities,  or  the  pulmonary  veins — in  the  systemic 
arteries  and  capillaries,  especially  in  those  of  the  spleen,  kidneys, 
and  brain;  and  those  originating  in  the  portal  venous  system — 
in  the  hepatic  branches  of  the  portal  vein.  With  the  exception, 
therefore,  of  emboli  originating  in  the  portal  system,  the  seat 
of  arrest  is  the  arteries  or  capillaries. 

Emboli  are  carried  usually  in  the  direction  of  the  main  cur- 
rent; hence  those  carried  by  the  aortic  stream  pass  into  the 
thoracic  aorta  more  commonly  than  into  the  carotid  and  sub- 
clavian vessels,  and  into  the  left  carotid  and  renal  artery  than 
into  the  corresponding  arteries  of  the  opposite  side.  Gravita- 
tion also  influences  the  direction  in  which  they  are  carried, 
especially  those  of  large  size,  which  move  somewhat  more  slowly 
than  the  blood-stream ;  hence  they  are  more  common  in  the 
lower  lobes  and  posterior  parts  of  the  lungs  than  in  the  superior 
and  anterior  portions  of  these  organs. 

It  is  not  uncommon  to  find  that  the  finer  vessels  of  an  area, 
of  which  the  supplying  artery  is  plugged,  also  contain  emboli. 
This  may  be  accounted  for  in  two  ways :  If,  as  is  frequently  the 
case,  the  arrest  takes  place  at  a  point  of  bifurcation,. the  embolus 
ma}^  partially  fill  both  branches,  allowing  a  small  stream  of 
blood  to  pass;  this  may  break  ofi"  portions  of  it,  and  so  cause 
secondary  emboli,  which  become  impacted  in  the  smaller  divi- 
sions of  the  above  main  trunks.  The  second  mode  is  by  the 
detachment  of  several  small  emboli  from  some  distant  source, 
which  subsequently  yields  a  mass  large  enough  to  stick  in  the 
main  trunk.  For  it  is  found  experimentally  that  small  bodies 
injected  at  intervals  into  the  jugular  vein  are  sometimes  swept 
into  the  same  division  of  the  pulmonary  artery. 

The  amount  of  obstruction  which  immediately  follows  the 
arrest  will  depend  partly  upon  the  nature  of  the  embolus  itself, 
as  well  as  upon  its  size  and  shape.  If  the  embolus  be  from  a 
soft,  recently  formed  thrombus,  it  will  adapt  itself  to  the  cavity 
of  the  vessel,  and  so  completely  occlude  it.  If,  on  the  other 
hand,  it  is  irregular  in  shape  and  firm  in  consistence,  as  when 
derived  from  a  calcified  cardiac  vegetation,  it  may  not  fill  the 
vessel,  but  allow  a  small  current  of  blood  to  pass  it. 

The  arrest  of  the  embolus,  and  the  consequent  obstruction  to 
the  circulation,  is  followed  by  the  formation  of  secondary  thrombi 
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behind  and  in  front  of  it,  which  extend  as  far  as  the  entrance  of 
the  first  large  collateral  vessels.  (Fig.  73.)  If  the  embolus  does 
not  completely  fill  the  vessel,  coagulum  is  deposited  in  succes- 
sive layers  upon  its  surface  until  the  occlusion  of  the  vessel  is 
complete,  and  then  the  secondary  thrombus  extends,  as  in  the 
former  case,  until  it  meets  with  a  current  of  blood  strong 
enough  to  arrest  its  progress.  If  the  embolus  is  a  portion  of  a 
soft  thrombus,  it  will  in  most  cases  be  impossible  to  distinguish 
it  from  the  secondary  thrombus  which  surrounds  it.  If,  how- 
ever, it  is  a  calcareous  mass  or  a  portion  of  an 
old  thrombus,  it  may  usually  be  distinguished 
from  the  more  recent  secondary  coagulum. 

Emboli  may,  in  rare  cases,  become  absorbed. 
They  may  also,  when  derived  from  thrombi, 
become  organized  or  soften.  The  changes  in 
the  secondary  thrombi  are  similar  to  those 
already  described  as  occurring  in  the  primarv 
(p.  216). 

Results. — The  results  of  embolism  are  of 
two  kinds — those  depending  upon  the  simple 
obstruction  to  the  circulation,  and  those  pro- 
duced by  the  irritating  or  infective  properties 
of  the  emboli  themselves.  By  "infective"  is 
meant  —  having  the  power  of  setting  up  in 
other  tissues,  changes  similar  to  those  going 
on  in  the  infecting  body. 

It  has  already  been  shown  that  embolism 
can  occur  only  in  arteries,  capillaries,  or  the 
portal  vein — which  dififers  from  an  artery  chiefly 
in  the  lower  blood-pressure  which  exists  in  it. 
In  the  chapter  on  "  Angemia "  it  has  been  pointed  out  that 
simple  obstruction  of  many  arteries  (as  a  second  or  third  branch 
of  the  mesenteric)  or  of  any  capillary  is  practically  without 
eifect  upon  the  circulation,  owing  to  the  ease  with  which  col- 
lateral circulation  is  established ;  that,  in  other  cases,  there  is 
more  difliculty  in  efifecting  this  result,  and  compensation  may 
never  be  complete  ;  and  that,  in  still  other  cases,  no  collateral 
circulation  is  established,  or  can  be — from  the  anatomical  and 
physiological  conditions  present.  Speaking  solely  of  simple, 
non-infective  emboli,  their  effect  when  they  do  not  disturb  the 
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Embolus  impac 
at  the  bifurcation  of 
a  branch  of  the  pul- 
monary artery.  Show- 
ing the  formation  of 
thrombi  behind  and 
in  front  of  it,  and 
the  extension  of  these 
as  far  as  the  entrance 
of  the  next  collateral 
vessels.  E.  Embolus. 
tt'.  Thrombi.  (Vir- 
chovT.) 
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circulation  will  be  limited  to  the  production  of  slight  irritation 
of  the  vessel  in  which  they  lodge.  Such  an  embolus,  with  its 
secondary  thrombi,  will  usually  be  absorbed  or  become  organ- 
ized. That  aneurisms,  especially  of  the  cerebral  arteries  in 
young  people,  are  often  due  to  embolism,  is  now  pretty  gener- 

FiG.  74. 


* 


Embolic  kidney.  From  a  ease  of  aneurism  of  the  abdominal  aorta.  Numerous  small 
yellowish-white  patches  were  seen  scattered  through  the  cortices  of  the  organs.      X  200. 

ally  admitted  by  pathologists.  With  regard  to  the  mode  in 
which  the  embolus  causes  dilatation  of  the  artery,  although  this 
may  differ  in  different  cases,  an  injurious  influence  of  the  em- 
bolus upon  the  walls  of  the  artery,  and  a  consequent  inflam- 
matory softening  of  the  vessel,  is  probably  the  most  common 
condition. 

If  an  embolus  obstructs  the  supplying  artery  of  a  part,  and 
collateral  circulation  is  not  speedily  established,  cessation  of 
function  soon  follows  cessation  of  nutrition;  thus,  plugging  of 
one  of  the  larger  cerebral  arteries  is  generally  followed  at  once 
by  sudden  loss  of  consciousness  and  paralysis  (apoplexy) ;  em- 
bolism of  the  pulmonary  artery  by  sudden  asphyxia;  or  of  the 
coronary  arteries,  by  sudden  paralysis  of  the  heart. 

When  emboli  block  terminal  arteries,  the  result  is  almost 
always  (Cohnheim)  that  hemorrhagic  infarction  which  has  been 
fully  described  under  "Local  Anaemia."  The  exceptions  to 
this  rule  are  due  either  to  the  veins  of  the  part  being  valved 
or  thrombosed,  so  that  regurgitation  is  prevented,  or  to  the  part 
being  so  placed  that  gravity  favors  strongly  the  return  of  blood 
by  the  veins,  in  which  cases  the  area  remains  pale  and  bloodless. 
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An  apparent  exception  is  owing  to  the  existence  of  fine  arterial 
anastomoses  with  certain  of  a  set  of  arteries,  the  great  majority 
of  which  are  really  terminal ;  thus,  anastomoses  of  the  bronchial 
artery  with  the  pulmonary  may  sometimes  wiird  off  infarction 
in  the  lung.  One  reason  why  infarcts  are  so  much  commoner 
on  the  surface  than  in  the  substance  of  an  organ  is,  that  in  the 
former  situation  the  whole  base  is  almost  absolutely  cut  ofi'frora 
collateral  supply. 

The  subsequent  changes  which  take  place  in  the  infarct  depend 
upon  its  size,  upon  the  extent  to  which  the  circulation  in  it  is 
interfered  with,  and  upon  the  nature  of  the  embolus  which 
caused  the  infarction.  If  the  infarct  is  small,  and  the  embolus 
possesses  no  infective  properties,  the  coagulated  blood  gradually 
loses  color,  becoming  brown  or  yellow,  the  tissue  elements  de- 
generate, and  absorption  proceeds  slowlj-.  When  infarction 
does  not  occur,  and  lymph  reaches  the  part  in  some  way  from 
parts  around,  the  cells  swell,  lose  their  nuclei,  and  blend — in 
fact,  undergo  coagulation-necrosis  (see  "  Diphtheritic  Inflamma- 
tion"), and  thus  form  the  well-known  white  wedges.  The  more 
external  portions  of  the  mass  of  coagulated  blood  and  necrosed 
tissue  become  infiltrated  with  leucocytes,  which  develop  into 
fibrous  tissue;  this  contracts,  and  ultimately  a  depressed  scar 
may  be  all  that  remains  to  indicate  the  change.  If,  however, 
the  infarction  is  considerable,  the  central  portions  may  disinte- 
grate and  soften.  This  may  subsequently  dry  up  and  become 
encapsuled.  For  some  time,  whilst  these  secondary  changes 
are  taking  place  in  the  infarct,  its  most  external  portions  are 
surrounded  by  a  red  zone  of  hypersemic  tissue.  This  is  exceed- 
ingly characteristic. 

But  if  an  embolus  is  derived  from  a  part  where  infective 
inflammation  is  going  on,  it  sets  up  a  similar  inflammatory  pro- 
cess, both  in  the  vessel,  within  which  it  becomes  impacted,  and 
also  in  the  surrounding  tissues.  These  septic  inflammatory 
changes  lead  to  the  formation  of  abscesses,  which  are  known  as 
embolic  or  metastatic  abscesses.  Microscopic  organisms  are  almost 
invariably  found  in  these  abscesses,  and  it  is  to  them  that  the 
infective  properties  of  the  embolus  are  probably  due.  No  more 
suitable  nidus  for  their  development  can  well  be  imagined  than 
a  tissue  in  which  infarction  and  necrosis  have  occurred,  and 
which  is  kept  moist  at  the  temperature  of  the  body.     Infarction, 


228 


EMBOLISM, 


however,  is  not  necessary  for  the  formation  of  a  metastatic 
abscess.  If  the  metabolism  of  the  tissue  in  which  the  embolus 
lodges  does  not  destroy  the  organisms,  but  affords  them  suitable 
pabulum,  inflammation  will  ensue.  This  subject  will  be  con- 
sidered further  in  the  chapter  on  "  Septicaemia  and  Pyaemia." 

Capillary  Emboli. — These  generally  consist  of  fat,  masses  of 
organisms,  clumps  of  white  blood-corpuscles,  pigment-granules, 
or  air.  In  fractures,  contusions  of  subcutaneous  tissue,  ruptures 
of  fatty  liver,  acute  osteomyelitis,  and  other  morbid  conditions 
in  which  fat-cells  are  broken  up  and  the  fat  set  free,  the  droplets 
are  absorbed  by  the  lymphatics  and  veins,  especially  when 
pressure  in  the  part  is  increased  by  inflammatory  efltusion  or 
hemorrhage.  Reaching  the  right  heart,  they  are  carried  into 
pulmonary  arterioles  and  capillaries,  where  their  presence  may 
easily  be  demonstrated  by  staining  with  osmic  acid.     (Fig.  75.) 


Fig   75 


Fat-embolism  of  lung.  From  bad  compound  fracture  of  leg  and  severe  subcutaneous 
laceration.  The  black  masses  are  drops  of  fat,  stained  with  osmic  acid,  lying  in  capil- 
laries and  arterioles  of  alveolar  walls.      X  40. 


One  by  one  these  soft  and  easily  moulded  plugs  are  swept  on  to 
the  left  heart,  and  distributed  by  the  systemic  circulation  to 
other  organs,  in  which  also  they  may  be  very  numerous.  For 
a  time,  fresh  emboli  are  constantly  reaching  the  lungs ;  but 
when  this  ceases  the  fat-masses  are  passed  on  to  other  organs 
and  eliminated,  in  part  at  least,  through  the  kidneys.  This  fat- 
embolism  is  believed  by  some  to  be  the  cause  of  death  after 
simple  fractures— a  very  rare  event.  But,  as  large  quantities  of 
fat  may  exist  in  the  lungs  and  other  organs  of  animals  without 
causing  any  symptoms  whatever,  some  scepticism  is  justifiable. 
If  a  sufficiently  large  number  of  the  capillaries  of  the  lung,  or 
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any  other  organ,  be  blocked  by  fat,  its  function  cannot  be  dis- 
charged ;  and  in  the  case  of  several  organs  this  would  mean 
speedy  death.  It  is  probable  that  the  lungs  always  contain, 
proportionately,  many  more  emboli  than  any  organ  supplied  by 
the  systemic  circulation,  and  it  has  been  ascertained  that  half 
the  pulmonary  blood-path  may  be  obstructed  without  disturbing 
the  circulation  at  large  (Cohnheim).  We  must  therefore  sup- 
pose that,  except,  perhaps,  in  very  rare  cases,  the  number  of 
plugged  capillaries  is  kept  below  some  point  of  danger,  at 
present  undetermined,  by  passage  of  the  fat  on  to  the  systemic 
circulation. 

Clumps  of  leucocytes  form  emboli  in  septic  fevers  (Hiiter) ; 
pigment-granules  in  ague ;  and  air,  in  entry  of  air  into  veins. 
Here,  as  in  fat-embolism,  the  air-plugs  have  little  effect :  death 
results  only  from  air  injected  so  quickly  and  in  such  quantity 
that  the  blood  in  the  right  heart  is  churned  into  foam,  upon 
which  the  viscus  fruitlessly  contracts. 

Thrombosis  and  Embolism  of  the  Brain. 

Thrombosis  and  embolism  are  the  most  common  causes  of 
cerebral  softenings. 

Softening  from  Thrombosis. — This  is  commonly  the  result  of 
atheromatous,  calcareous,  or  syphilitic  changes  in  the  cerebral 
arteries.  Such  changes  cause  a  diminution  in  the  lumen,  or  a 
roughening  of  the  internal  surface  of  the  vessels,  impair  their 
elasticity  and  contractility,  and  so  favor  the  occurrence  of  throm- 
bosis. As  a  result  of  the  interference  with  the  supply  of  blood, 
the  cerebral  substance  undergoes  a  more  or  less  rapid  process  of 
necrosis  such  as  has  been  already  described  (p.  75).  The  soft- 
ened portions,  when  recent,  and  when  the  obstruction  is  rapidly 
induced,  are  often  of  a  reddish  color,  although  with  age  they 
gradually  become  decolorized.  In  the  more  gradually  induced 
obstructions,  the  color  of  the  softened  tissue  is  usually  w^hite. 

Softening  from  Embolism. — The  softening  resulting  from 
embolism  is,  for  the  most  part,  entirely  dependent  upon  the 
obstruction  to  the  circulation  caused  by  the  embolus  and  by 
the  resulting  thrombosis.  It  is  rapidly  induced,  and  is  often 
attended  by  the  extravasation  of  blood,  when  it  constitutes  one 
form  of  acute  red  softening.     If  the  interference  with  the  circu- 
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lation  be  slight,  there  may  be  no  extravasation  of  blood,  and  the 
process  of  disintegration  may  be  more  gradual,  so  that  the  soft- 
ened portions  are  white  in  color,  and  the  condition  then  more 
resembles  the  chronic  white  softening  already  described  as  re- 
sulting from  degeneration  of  the  cerebral,  bloodvessels  (p.  76). 
The  softened  tissue  will  be  white  in  color  also  when  one  of  the 
large  vessels  is  obstructed,  so  that  a  large  portion  of  one  hemi- 
sphere loses  its  vitality.  The  vessel  most  frequently  blocked  is 
the  middle  cerebral  artery,  in  some  part  of  its  course;  and  in 
the  majority  of  cases  it  is  that  of  the  left  side.  In  almost  all 
cases  in  which  softening  of  the  cerebral  substance  results  from 
embolism,  the  embolus  is  arrested  in  one  of  the  vessels  beyond 
the  circle  of  Willis,  because  here  the  circulation  cannot  be 
restored  by  the  collateral  vessels. 

When  the  interference  with  the  circulation  is  attended  by 
vascular  engorgement  and  extravasation  of  blood,  the  softened 
portion,  in  the  early  stage,  is  either  of  a  uniform  dark  red  color 
or  presents  numerous  red  hemorrhagic  points.  The  softening 
is  most  marked  in  the  centre,  whilst  the  hypereemia  and  redness 
may  extend  for  some  distance  around  it.  Under  the  microscope, 
the  softened  portion  is  seen  to  consist  of  broken-down  nerve- 
tibres,  altered  blood-corpuscles,  granules  of  fat,  and  the  large 
granular  corpuscles  already  described.  (See  Fig.  15.)  The  sur- 
rounding capillaries  are  dilated  and  filled  with  coagula,  and 
granular  corpuscles  envelop  their  walls.  In  a  more  advanced 
stage  all  trace  of  nervous  structure  is  lost,  the  softened  mass 
becomes  decolorized,  and  passes  from  a  dark  red  color  to  a 
chocolate,  brown,  yellow,  or  even  white.  It  may  liquefy  and 
form  a  cyst  with  a  fibrous  wall ;  more  commonly,  however,  it  is 
gradually  absorbed,  being  replaced  by  fibrous  tissue,  which  con- 
tracts; and  ultimately  a  cicatrix  with  hsematoidin  crystals  may 
be  all  that  remains. 

Red  softening  from  embolism  is  often  very  difiicult  to  distin- 
guish in  the  post-mortem  room  from  that  which  results  from 
thrombosis. 
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Leukemia,  or  leucocythsemia,  is  a  disease  characterized  by 
a  considerable  and  permanent  increase  in  the  number  of  white 
corpuscles  of  the  blood,  by  a  diminution  in  the  number  of  the 
red  corpuscles,  and  by  enlargement  of  some  of  the  lymphatic 
organs.  The  lymphatic  organ  most  frequently  involved  is  the 
spleen.  This  is  enlarged  in  the  great  majority  of  cases  (Splenic 
Leukaemia).  The  enlargement  of  the  spleen  is  sometimes  asso- 
ciated with  enlargement  of  the  lymphatic  glands,  and  some- 
times, although  much  less  frequently,  with  an  increase  in  the 
medulla  of  bones.  In  rare  cases  the  lymphatic  glands  only  are 
involved  (Lymphatic  Leukaemia),  and  cases  have  been  described 
by  l!^eumann  and  others  in  which  the  osseous  medulla  was  prin- 
cipally affected.  In  most  cases  of  leukaemia  an  overgrowth  of 
lymphatic  tissue  in  other  organs  occurs  sooner  or  later  in  the 
course  of  the  disease. 

Leucocytosis. — Before  proceeding  with  the  consideration  of 
leukaemia,  it  will  be  well  to  allude  briefly  to  that  slight  and 
temporary  increase  in  the  number  of  white  blood-corpuscles 
which  has  been  termed  "-leucocytosis."  This  diifers  essentially 
from  leukaemia  in  this  respect — that  the  increase  in  the  number 
of  white  corpuscles  is  only  temporary,  and  is  not  necessarily 
associated  with  any  diminution  in  the  number  of  the  red.  Fur- 
ther, the  increase  is  never  nearly  so  great  as  in  leukaemia,  more 
than  forty  or  fifty  being  rarely  seen  in  the  quarter-inch  field  of 
the  microscope.  Such  slight  and  temporary  increase  in  the 
number  of  white  blood-corpuscles  occurs  in  many  conditions. 
Physiologically,  it  occurs  after  a  meal,  and  in  the  later  months 
of  pregnancy.  In  many  of  the  acute  pyrexial  diseases,  espe- 
cially in  those  in  which  there  is  acute  swelling  of  lymphatic 
structures,  as  in  typhoid  and  scarlet  fever,  and  in  septicgemia, 
there  is  often  a  marked  excess  of  white  corpuscles.  After  large 
losses  of  blood,  also,  there  is  an  increase.     These  conditions  are 
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onlj  temporary,  and  do  not  appear  to  interfere  either  with  the 
circulation  or  with  the  general  health. 

Pathology. — The  pathology  of  leukaemia  is  still  exceedingly 
obscure,  and  will  probably  remain  so  until  our  knowledge  of 
the  physiology  of  the  blood  and  the  origin  and  fate  of  the  blood- 
corpuscles  is  more  complete.  Physiologically,  we  know  that 
the  white  corpuscles  originate  in  the  lymphatic  organs,  from 
which  they  pass  into  the  blood,  either  directly  or  through  the 
lymphatic  vessels;  and  it  is  now  generally  believed  that  the  red 
corpuscles  originate  from  the  white,  the  latter  being  transformed 
mainly  in  the  spleen.  Owing  to  the  enlargement  of  one  or  more 
of  the  lymphatic  organs  which  always  exists  in  leukaemia,  it 
has  been  supposed  that  the  increase  in  the  number  of  the  white 
corpuscles  which  characterizes  the  disease  is  due  to  their  exces- 
sive production  by  the  enlarged  organs,  such  as  occurs  in  some 
cases  of  leucocytosis.  Inasmuch,  however,  as  there  is  not  only 
an  increase  in  the  number  of  white,  but  a  diminution  in  the 
number  of  red,  this  hypothesis  is  insufficient  to  account  for  the 
blood-change.  Further,  lymphatic  organs  may  become  enor- 
mously enlarged  without  the  production  of  any  leukaemia.  This 
occurs,  for  example,  notably  in  the  spleen  in  Splenic  Ancemia, 
which  disease,  with  the  exception  of  the  in- 
FiG.  76.  crease  in  white  blood-corpuscles,  is   precisely 

similar  to  leukaemia;  and  also  in  the  lymphatic 
glands  in  Hodgkin's  disease.  Although,  as 
already  stated,  the  subject  is  still  involved  in 
much  obscurity,  the  view  promulgated  by  Vir- 
,    ,  ,,    ,      chow  more   than    twenty  years   ago   accounts 

Leukemic      blood.  .  ,  ■^     -^  ° 

From  a  young  man  most  Satisfactorily  for  the  blood-change:  it  is 
aged  twenty -four,  that  the  normal  transformation  of  white  cor- 
Ur^emrrt'^or  the  P'^scles  into  red  is  imperfectly  performed,  so 
spleen.    X  200.  that  not  Only  is  the  number  of  white  increased, 

but  that  of  the  red  diminished.  It  is  probable 
that  this  diminished  transformation  of  the  white  corpuscles  is 
the  most  important  element  in  most  cases  of  leukaemia,  although 
it  may  be  associated  with  an  increased  production.  Both  the 
diminished  transformation  and  the  increased  production  take 
place  in  the  enlarged  lymphatic  organs,  and  all  we  can  say  at 
present  in  explanation  of  the  process  is  that  the  function  of  one 
or  more  of  these  organs  is  imperfectly  performed.    The  enlarge- 
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ment  of  the  lymphatic  organs  is,  with  little  doubt,  due  to  new 
growth,  and  not,  as  has  been  suggested  by  some,  simply  to  the 
accumulation  within  them  of  the  white  corpuscles  which  exist 
in  such  large  numbers  in  the  blood. 

Histology. — Blood.  The  diminution  in  the  number  of  white 
corpuscles  varies  verj'-  considerably  in  different  cases.  A  pro- 
portion of  one  w^hite  to  ten  red  is  quite  common,  and  often  there 
are  as  many  as  one  to  three.  (Fig.  76.)  This  increase  gives  to 
the  blood  a  paler  and  more  opaque  appearance  tha'n  natural.  In 
the  early  stages  of  the  disease  the  proportion  may  not  be  more 
than  one  to  twenty  or  forty.  The  white  corpuscles  sometimes 
resemble  the  natural  ones,  but  often  they  are  somewhat  larger 
and  more  granular.  This  is  especially  the  case  in  splenic 
leukaemia,  whereas,  when  the  lymphatic  glands  are  principally 
affected,  many  of  the  corpuscles  are  usually  smaller  than  natural. 
Some  of  them  are  often  more  or  less  fattily  degenerated. 

The   red  corpuscles,  like  the  white,  vary  in   diminution  of 
their  number.     They  may  be  reduced  to  one-half  or  a  quarter 
the  normal.     They  are  usually  natural 
in  appearance,  but  sometimes  they  are  ^ig-  77. 

distinctly  paler  than  in  health.  Occa- 
sionally they  appear  to  be  unusually 
soft,,  and  exhibit  a  tendency  to  stick 
together  instead  of  forming  the  natural 
rouleaux.     In  a  case  of  splenic  anaemia  ,p 

recently  under  my  care  these  charac-  -^ 

ters  were  especially  marked.  (Fig.   77.)        ^'""^  f''°"'  «  """^  "f  'p^^'"" 

rrt-i         T      •  •  •       .1  1  1    ,1  aniemia.     From  a  middle-aged 

The  dimmution  in  the  number  and  the      ,„_    ...  „  _,  „„■„.._„,_:  „f 

man  with  great  enlargement  or 

impairment  of  the  quality  of  the  red  the  spleen,  x  200. 
corpuscles,  which  exist  not  only  in  leu- 
kaemia, but  in  most  cases  of  great  splenic  enlargement,  account 
for  the  anaemia  which  exists  in  these  conditions.  In  addition 
to  the  red  and  white  corpuscles,  Klebs  and  others  have  found 
nucleated  red  corpuscles  in  leukaemic  blood;  and  minute,  color- 
less, octahedral  crystals  of  an  albuminous  character  have  been 
discovered  by  Charcot  and  Zenker  in  the  blood  and  certain 
organs.  The  coagulating  power  of  the  blood  in  leukaemia  is 
much  diminished,  and  when  the  liquid  is  allowed  to  stand  the 
white  corpuscles  form  a  creamy  layer  upon  its  surface. 
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Spleen.  In  this,  which  is  much  the  most  important  organ  in 
the  production  of  leuksemia,  the  change  is  characterized  mainly 
by  increased  growth.  The  organ  becomes  enlarged,  and  usually 
enormously  so.  The  enlargement  is  uniform,  so  that  the  shape 
of  the  organ  is  but  little  altered.  The  capsule  is  often  thick- 
ened, and  there  are  usually  adhesions  with  the  adjacent  viscera. 
The  consistence  in  the  later  stages  is  commonly  distinctly 
firmer  than  natural.  The  cut  surface  is  smooth,  of  a  grayish  or 
brownish-red  color,  and  thickened  trabeculse  can  often  be  seen 
marking  it  as  whitish  lines.  The  Malpighian  corpuscles,  al- 
though they  may  be  slightly  enlarged  in  the  earlier  stages  of  the 
disease,  are  seldom  prominent,  and  they  are  often  not  visible 
when  the  splenic  enlargement  is  advanced.  In  exceptional 
cases,  however,  and  especially  when  the  lymphatic  glands  are 
involved,  they  may  form  prominent  growths.  Sometimes  w^edge- 
shaped  masses,  of  a  dark  red  or  reddish-yellow  color,  are  seen 
near  the  surface  of  the  organ.  These  are  probably  infarctions 
of  embolic  origin. 

"When  the  spleen  is  examined  microscopically,  its  structure  is 
found  to  be  '  ut  little  altered,  the  enlargement  being  due  mainly 
to  an  increase  of  the  splenic  pulp.  The  trabecular  tissue  is  also 
increased  and  thickened,  and  becomes  increasingly  so  as  the 
splenic  enlargement  advances.  The  Malpighian  corpuscles  are 
but  little  increased  in  size ;  sometimes  they  are  atrophied. 

Lymphatic  Glands.  The  enlargement  of  the  lymphatic  glands 
is  much  less  in  splenic  leuksemia  than  in  those  cases  in  which 
the  glands  are  primarily  and  principally  aflected.  In  splenic 
leukaemia  one  or  more  groups  of  glands  are  slightly  enlarged  in 
about  one-third  of  the  cases.  The  glands  are  rarely  increased 
in  consistence,  and  are  usually  freely  movable.  On  section  they 
are  of  a  grayish -red  color,  often  mottled  with  hemorrhages. 
Microscopically,  the  enlarged  glands  present  a  normal  structure. 

In  some  cases  this  excessive  development  of  lymphatic  struct- 
ures takes  place  in  other  parts.  The  follicles  of  the  intestine  and 
the  medulla  of  bone  are  those  most  commonly  involved.  In  the 
intestines,  the  follicles  may  become  so  much  enlarged  as  to  form 
distinct  projections  from  the  mucous  membrane,  although  this 
is  less  common  than  in  Hodgkin's  disease.  The  enlarged  fol- 
licles may  also  ulcerate.  The  medulla  of  bones  is  occasionally 
increased,  and,  as   already  stated,  cases   have    been  described 
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in  which  this  tissue  was  primarily  and  principally  affected.  It 
is  increased  in  quantity  and  altered  in  quality.  It  is  usually 
softer  than  natural,  and  of  a  grayish  or  grayish-yellow  color. 
Microscopically,  the  fat-cells  are  seen  to  be  replaced  to  a  great 
extent  by  lymphoid  elements. 

In  the  course  of  the  disease  a  new  growth  of  lymphatic 
tissue  or  an  infiltration  with  lymphatic  elements  usually  takes 
place  in  non-lymphatic  structures,  principally  in  the  liver  and 
kidneys,  less  frequently  in  the  lungs  and  muscle.  The  new 
growth  in  these  organs  sometimes  forms  distinct  tumors,  but 
much  more  commonly  exists  as  an  infiltration.  How  far  these 
lymphoid  growths  are  the  result  of  a  hyperplasia  of  the  cells  in 
the  interstitial  tissue  of  the  organ  in  which  they  are  situated, 
and  how  far  an  emigration  of  the  leucocytes,  which  exist  in 
such  large  numbers  in  the  blood,  takes  part  in  their  formation, 
is  unknown.  The  former,  however,  is  probably  the  most  impor- 
tant factor  in  the  process. 

The  organ  which  is  most  frequently  affected  is  the  liver.  Here, 
in  leukaemia,  the  vessels  generally  are  enlarged  and  distended 
with  white  blood-corpuscles. 

Accumulations  of  corpuscles  i'""-  "i^- 

and  lymphoid  tissue  are  seen  ,     ^,  ~  ^^^ 

between  the    acini,  and  ex-  '      '-.x 

tending   along  the   intercel-         ,  *"^-' 

lular  network  into  the  acini 

themselves,  so  that  the  lobules        -^^  .  ,,- 

are   sometimes    seen    to   be  ""  ~  ?^ 

clearly  mapped  out  by  a  gray-       ^.     ^  ^    ,    . 

'','■,  .      .,  Liver  from  a  case  of  splenic  anxrma.     Show- 

ish-white  interlobular  infil-  ing  the  extensive  eellular  infiltration  involving 
tration.  As  this  increases,  the  intercellular  network.  The  organ  was 
the    liver-cells     become    com-     S-at'y    enlarged      and    the    new    tissue    was 

visible  to  the   naked   eye  between    the   aemi. 

pressed    and   atrophy,    until    x  200. 
ultimately  the  lobules  may  be 

replaced  entirely  by  it.  This  is  well  shown  in  the  liver  from  the 
case  of  splenic  anaemia,  the  blood  from  which  is  represented  in 
Fig.  77.  (See  Fig.  78.)  Associated  with  this  infiltration  there 
is  often  a  formation  of  small,  round,  whitish  lymphoid  nodules, 
somewhat  resembling  gray  tubercles.  These  also  are  situated  in 
the  interlobular  tissue.  Owing  to  these  changes,  the  liver  becomes 
very  considerably  increased  in  size. 
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In  the  kidneys^  which  are  also  frequently  afiected,  the  change 
is  similar  to  that  in  the  liver.  Here  also  it  consists  for  the  most 
part  in  an  infiltration,  with  which  may  be  associated  the  forma- 
tion of  round  nodules  and  masses. 


CHAPTER    XXVIII. 


INFLAMMATION. 


Inflammation  may  be  defined  as  "  the  succession  of  changes 
which  takes  place  in  a  living  tissue  as  the  result  of  some  kind 
of  injury,  provided  that  this  injury  be  insuificient  immediately 
to  destroy  its  vitality  "  (Sanderson). 

The  exact  nature  of  these  changes  has  been  ascertained,  for 
the  most  part,  during  the  past  sixteen  years,  and  chiefly  by  the 
experimental  researches  of  Cohnheim,  most  of  which  have  been 
repeated  and  confirmed  by  Burdon  Sanderson.  The  method  of 
investigation  has  consisted  in  the  artificial  production  of  infiam- 
mation  in  transparent  parts  of  the  lower  animals,  and  observa- 
tion of  the  process  thus  induced.  The  parts  employed  have 
been  the  foot,  tongue,  and  mesentery  of  the  frog ;  the  tongue  of 
the  toad  (the  best  for  many  purposes),  the  mesentery  of  the 
rabbit,  and  the  wing  of  the  bat.  These  have  shown  that  the 
process  is  essentially  the  same  in  warm-  and  cold-blooded  ani- 
mals; and  by  microscopic  examination  of  the  lip  by  reflected 
light,  Hiiter  proved  that  it  is  the  same  in  man.  The  Process  of 
Inflammation  comprises : 

1.  Changes  in  the  bloodvessels  and  circulation; 

2.  Exudation  of  fluid  and  of  blood-corpuscles  from  the  vessels  ;  and 

3.  Changes  in  the  inflamed  tissues. 

Though  thus  separated  for  purposes  of  description,  it  must 
not  be  supposed  that  these  changes  occur  in  succession  in  the 
order  in  which  they  are  placed  ;  on  the  contrary,  they  all  go  on 
together. 
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I.  Changes  in  the  Bloodvessels  and  Circulation. — Changes 
in  the  bloodvessels  and  circulation  are  essential  to  the  existence 
of  inflammation,  both  in  vascular  and  in  non-vascular  tissues. 
In  the  latter,  which  comprise  the  cornea  and  cartilage,  they  take 
place  in  the  adjacent  vessels  from  which  these  tissues  derive 
their  nutritive  supply.  Their  nature  may  be  studied  in  the 
mesentery  of  a  frog  which  has  been  curarized ;  and  they  may 
be  thus  briefly  described  : 

The  first  effect  of  injury  of  the  mesentery — mere  exposure  to 
the  air  being  suflicient  for  the  purpose — is  to  cause  dilatation^  of 
the  arteries,  which  gradually  extends  to  the  veins  and  capillaries. 
The  dilatation  of  the  arteries  commences  at  once,  and  is  not 
preceded  by  any  contraction.  It  steadily  and  slowly  increases 
for  about  twelve  hours,  and  is  accompanied  also  by  an  increase 
in  the  length  of  the  vessels,  so  that  they  become  more  or  less 
tortuous.  It  affects  the  arteries  chiefly,  then  the  veins,  and  the 
capillaries  but  slightly.  This  enlargement  of  the  bloodvessels 
is  associated  at  the  commencement  of  the  process  with  an  accel- 
eration in  the  flow  of  blood ;  this,  however,  rarely  lasts  more 
^than  an  hour,  and  is  followed  by  a  considerable  retardation  in  the 
circulation,  the  vessels  still  remaining  dilated. 

Pulsation  is  now  evident  in  the  smallest  arteries ;  and  the 
stream  is  slow  enough  to  allow  of  the  distinction  of  individual 
corpuscles  in  the  capillaries  and  smaller  veins — perhaps  even  in 
the  arterioles. 

It  has,  however,  long  been  known  that  the  acceleration  of  the 
blood-flow  in  an  injured  part — the  so-called  determination  of  blood 
which  was  so  correctly  described  more  than  thirty  years  ago  by 
Dr.  C.  J.  B.  Williams — is  not  constant,  and  often  subsides  with- 
out the  occurrence  of  any  of  the  characteristic  phenomena  of 
inflammation.  Cohnheim  consequently  states  that  dilatation  of 
vessels  and  increased  velocity  of  the  blood-current  ensuing 
immediately  after  the  infliction  of  an  injury  are  accidental.  In 
some  cases  they  are  followed  by  con.traction,  after  which  dila- 
tation with  slowed  stream  commences.  This  dilatation  with 
diminished  velocity,  on  the  other  hand,  comes  on  slowly,  is 
constant,  and  permanent  so  long  as  the  cause  acts,  and  must  be 
regarded  as  the  essential  vascular  change  of  inflammation. 

1  With  certain  irritants,  as  ammonia,  a  short  contraction  of  the  arterioles  may 
be  the  first  result. 
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Returning  to  the  observation  of  the  frog's  mesentery  —  the 
retardation  of  the  circulation  in  the  dilated  vessels  is  sometimes 
seen  to  take  place  somewhat  suddenly,  and  is  usually  first  ob- 
servable in  the  veins.  As  the  stream  gets  slower,  white  corpus- 
cles are  seen  in  increasing  numbers  in  the  plasmatic  layer  in  the 
smaller  veins — rolling  slowly  along,  sticking  here  and  there,  and 
finally  coming  to  a  standstill — until  these  vessels  are  lined  by 
them  as  with  a  spheroidal  epithelium  (see  Fig.  79),  often  more 
than  one  cell  in  thickness.  Some  stick  also  in  the  capillaries. 
The  time  at  which  this  occurs  varies  greatly;  it  is  the  earlier  the 
more  severe  the  injury.  This  narrowing  of  the  veins  by  layers 
of  leucocytes,  among  which  there  are  no  red  corpuscles,  increases 
the  obstruction  to  the  circulation,  which  becomes  slower  and 
slower,  both  on  this  account  and  because  the  damage  is  becom- 
ing greater;  and  the  red  corpuscles,  with  some  white,  accumu- 
late in  the  capillaries,  w^hich  appear  as  if  distended  by  a  red 
injection-mass.  Actual  measurement,  however,  shows  that  they 
are  but  little  larger  than  natural.  After  a  time,  all  onward 
movement  ceases  in  the  capillaries,  and  their  contents  sway  to 
and  fro  with  the  pulse.  This  is  the  stage  of  oscillation  ;  and  it  is 
succeeded  by  that  of  stasis,  in  which  no  movement  of  any  kind 
occurs.  Finally,  thrombosis  or  coagulation  may  take  place,  but 
not  until  the  capillary  walls  are  dead.  Thrombosis  puts  an  end 
to  that  escape  of  corpuscles  from  the  vessels  which  will  be  treated 
of  in  the  next  paragraph. 

II.  Escape  of  Fluid  and  of  Blood-corpuscles  from  the  Ves- 
sels.— The  circulatory  and  vascular  changes  have  been  described 
from  beginning  to  end,  as  if  they  were  the  only  phenomena  of 
inflammation.  But  this  is  far  from  being  the  case.  Soon  after 
the  veins  become  lined  by  white  corpuscles,  the  field  becomes 
more  and  more  obscured  by  the  presence  of  small  round  cells  in 
the  substance  of  the  mesentery.  At  even  an  earlier  period, 
though  the  microscope  does  not  show^  it,  the  fluid  which  natu- 
rally escapes  from  the  vessels  increases  greatly  in  quantity,  and 
changes  in  quality.  So  soon  as  the  lymphatics  become  unable 
to  carry  it  off,  it  accumulates  in  the  connective-tissue  spaces, 
and  causes  swelling  of  the  mesentery.  These  finally  become 
insufficient  to  hold  it,  and  it  escapes  on  the  surface  together 
with  a  number  of  the  small  round  cells.  Here  a  coagulum 
forms  consisting  of  fibrin,   small   round   cells,  and    some    red 
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blood-corpuscles.  The  false  membrane  can  be  removed,  and  the 
■field  cleared  for  observation,  until  another  membrane  forms. 

a.  Source  of  the  New  Cells.  If  a  small  vein  lined  by  leucocytes 
be  carefully  watched,  the  following  changes  will  be  seen — per- 
haps at  once,  perhaps  not  for  some  time.  Some  of  the  leucocytes 
immediately  adjacent  to  the  wall  gradually  sink  into  it,  and  pass 
through  into  the  surrounding  tissues.  Various  stages  of  their 
passage  may  be  observed.  At  first,  small  button-shaped  eleva- 
tions appear  on  the  outer  wall  of  the  vessel.  These  gradually 
increase  until  they  assume  the  form  of  pear-shaped  bodies  which 
still  adhere  by  their  small  ends  to  the  vessel-wall.  Ultimately, 
the  small  pedicle  of  protoplasm  by  which  they  are  attached 
gives  way,  and  the  passage  is  complete,  the  corpuscles  remain- 
ing free  outside  the  vessel.  A  similar  escape  takes  place,  but 
to  a  less  extent,  from  the  capillaries. 

In  most  inflammations,  the  escape  of  white  corpuscles  is  far 
in  excess  of  that  of  the  red;  but  in  the  most  severe,  in  which 
stagnation  is  induced  in  a  large  number  of  capillaries,  the  usual 
state  of  afi'airs  may  be  reversed.  From  such  capillaries,  red 
^corpuscles  almost  alone  pass  out,  occupy  the  interstices  of  the 
tissues,  and  give  the  exudation  a  hemorrhagic  character;  whereas, 
if  the  blood  is  in  motion,  most  red  corpuscles  pass  through  the 
inflamed  area,  whilst  the  more  sticky  white  adhere  to  the  wall. 
Intensity  of  injury  and  vascularity  (i.  e.,  number  of  capillaries) 
determine  the  proportion  of  red  corpuscles  in  the  exudation. 
They  pass  out  chiefly  from  the  capillaries,  and  several  often 
escape  in  quick  succession  from  one  spot,  giving  rise  to  a  red 
spot,  visible  to  the  naked  eye  as  a  punctiform  hemorrhage.  JSTo 
rupture  of  vessel  occurs,  as  may  be  shown  by  injection. 

Both  red  and  white  corpuscles  at  first  remain  near  the  vessels 
whence  they  have  escaped ;  but  they  are  pushed  away  by  other 
corpuscles,  washed  away  by  the  escaping  fluid,  and  the  white 
corpuscles  move  away  by  their  peculiar  power  of  locomotion. 
Thus  they  may  ultimately  be  found  far  from  their  source. 

But  are  white  blood-corpuscles  the  only  source  of  those  num- 
berless cells  of  embryonic  appearance  which  crowd  the  tissues 
in  every  inflammation  other  than  the  most  trivial  ?  Virchow 
advanced  the  view  that  they  all  arose  by  multiplication  of  con- 
nective-tissue corpuscles.  Dr.  W.  Addison,  in  1842,  inferred 
from  his  observations  that  leucocytes  passed  through  the  vessel- 
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walls,  and  became  pus-cells;  and,  in  1846,  Dr.  Augustus  Waller 
actually  saw  them  escaping,  and  described  and  made  drawings 
of  the  process.  Both  concluded  that  the  escaped  corpuscles 
became  pus-cells;  but  their  observations  were  unheeded,  and  it 
was  not  until   the  process  was  rediscovered  by  Cohnheim,  in 

Fig.  79. 


Subcutaneous  tissue  some  distance  above  the  dead  pait  in  a  case  of  spi  eadi)irj  gangrene. 
Three  veins  packed  with  leucocytes  (I),  which  are  escaping  freely.  Round  the  artery 
(below)  there  are  none.  Many  leucocytes  outside  the  vessels  have  increased  in  .^ize. 
X200. 

1867,  that  escape  of  blood-corpuscles  came  to  occupy  an  impor- 
tant place  in  the  pathology  of  inflammation.  Cohnheim  now 
asserts  that  all  new  cells  formed  in  the  tissues  as  a  direct  result 
of  injury  are  escaped  white  corpuscles  which  have  migrated  to 
the  spot  at  which  they  may  be  found;  and,  in  spite  of  the  oppo- 
sition of  Strieker  and  his  pupils,  proof  after  proof  of  the  cor- 
rectness of  this  view  has  been  given.  The  last  stronghold  of 
those  who  uphold  the  origin  of  these  cells  from  multiplying 
connective-tissue  corpuscles  was  the  non-vascular  tissues,  and 
especially  the  cornea.  Bottcher  showed  that  after  slight  central 
injuries  of  the  cornea,  which  caused  no  affection  of  the  surround- 
ing vessels,  the  sites  of  the  corneal  corpuscles  in  the  neighbor- 
hood were  occupied  by  clumps  of  embryonic  cells  which  he 
believed  could  have  been  formed  only  by  multiplication  of  the 
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fixed  cells.  Cohnheim  pointed  out  that  the  new  cells  might  be 
leucocytes  which  had  migrated  from  the  conjunctival  sac;  and 
Senftleben  proved  that  this  was  their  source.  With  chloride  of 
zinc  solution,  it  is  possible  to  kill  the  corpuscles  in  a  small 
central  area  of  the  cornea  without  affecting  the  marginal  vessels, 
and  also  without  destroying  the  dense  anterior  corneal  lamina ; 
under  these  circumstances  the  spot  remains  clear,  and  no  clumps 
of  embryonic  cells  are  found.  But,  if  the  spot  irritated  is  near 
the  margin  of  the  cornea,  the  vessels  here  dilate,  and  it  becomes 
cloudy  from  infiltration  with  leucocytes;  and  if  to  central  injury 
not  affecting  the  vessels  a  cut  or  stitch  through  the  anterior 
lamina  is  added,  opacity  results  from  infiltration  of  corpuscles 
from  the  conjunctival  sac. 

It  will  be  seen,  later  on,  that  all  functions  of  inflamed  parts 
are  depressed;  it  is  therefore,  a  priori,  unlikely  that  the  cells  of 
an  inflamed  part  would  at  once  begin  to  multiply.  If  a  cornea, 
or  other  piece  of  tissue,  of  which  the  ceils  are  suspected  of 
multiplication,  be  cut  out,  kept  for  days — to  insure  its  being 
dead — then  rendered  aseptic  and  placed  in  the  peritoneum 
or  subcutaneous  tissue  of  a  living  animal,  all  the  appearances  of 
multiplication  will  be  found.  Lastly,  prolonged  observation 
(eight  or  nine  days)  of  connective-tissue  corpuscles  of  the  toad's 
tongue  (Dowdeswell)  has  shown  the  absence  of  all  except 
degenerative  changes.  It  seems  almost  certain,  therefore,  that 
Cohnheim's  view  is  correct — viz.,  that  all  new  cells  found  in 
inflamed  tissues  as  a  direct  result  of  the  injury  which  caused  the 
process  are  escaped  blood-corpuscles.  In  the  less  acute  forms  we 
find  also  cells  which  are  formed  by  regenerative  processes  going 
on  in  the  cells  of  the  tissues ;  but  these  must  be  sharply  distin- 
guished from  those  of  inflammatory  origin  (p.  242). 

/5.  Exudation  of  Fluid.  As  before  stated,  one  of  the  earliest 
efiects  of  the  vascular  changes  in  inflammation,  is  increased 
exudation  of  fluid.  Something  of  this  was  noted  in  the  micro- 
scopic examination  of  the  inflamed  mesentery,  but  other  experi- 
ments show  much  more.  Lassar  tied  a  canula  into  a  large 
lymphatic  of  each  hindleg  of  a  dog,  stopped  the  circulation  in 
one  leg,  and  dipped  it  into  water  at  54°  C,  thereby  exciting 
acute  inflammation.  On  removing  the  fillet  the  lymph-stream 
from  the  canula  at  once  exceeded  the  normal,  and  soon  reached 
eight  times  that  on  the  sound  side.     At  first  the  fluid  was  clear; 
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but  after  a  time  white  corpuscles  in  increasing  numbers  made 
it  cloudy,  and  red  corpuscles  were  found  in  small  numbers. 
Swelling  of  the  foot  began  while  the  flow  of  lymph  was  free, 
evidently  because  the  exudation  was  too  rapid  to  be  conveyed 
away  by  the  lymph-channels,  even  when  fully  dilated.  Later  in 
the  experiment  the  flow  diminished,  partly  because  exudation 
diminished  as  pressure  rose,  and  partly  from  coagulation  in  and 
blocking  of  lymphatics.  The  lymph  collected  difl:*ered  from  the 
exudation-fluid  in  mechanical  hypersemia  in  containing  a  much 
larger  proportion  of  albumen,  more  phosphates  and  carbonates, 
and  in  having  a  much  greater  tendency  to  coagulation.  This 
latter  property  is  partly  due  to  the  greater  number  of  white  cor- 
puscles which  it  contains.  The  lymph  differed  from  liquor  san- 
guinis in  containing  distinctly  less  albuminous  material.  The 
composition  of  inflammatory  eflTusion,  however,  is  not  constant. 
In  the  most  acute  inflammations  it  contains  a  large  number  of 
red  corpuscles ;  in  less  severe,  white  corpuscles  are  in  great  ex- 
cess of  red.  The  more  severe  the  process,  the  more  nearly  does 
the  fluid  approach  plasma  in  its  composition  and  tendencies; 
whilst  in  the  less  severe  it  becomes  very  like  the  fluid  in  mechani- 
cal hypersemia. 

III.  Changes  in  the  Inflamed  Tissues. — It  has  now  been 
determined  that  no  increased  activity,  no  multiplication  of 
tissue-elements,  occurs  as  a  part  of  the  process  of  inflammation ; 
but  that,  on  the  contrary,  the  process  leads  everywhere  to 
depression  of  vitalit}^,  degeneration,  and  death.  The  destructive 
eflfect  of  many  inflammations  renders  this  tendency  only  too 
obvious.  Lister  long  ago  gave  the  following  proofs  of  depressed 
vitality  in  an  inflamed  part  from  the  earliest  stages:  The  blood 
tends  to  behave  as  it  does  in  contact  with  dead  tissue;  very 
slight  irritation  paralyzes  the  pigment-cells  of  the  frog's  skin ; 
more  severe  injury  paralyzes  muscular  fibres,  for  a  dilated 
arteriole  in  an  inflamed  area  will  not  contract  when  a  needle  is 
drawn  across  it ;  ciliary  action  becomes  excited,  and  speedily 
ceases  under  irritation;  the  superficial,  feebler  epidermic  cells 
die  and  separate  after  slight  injury,  which  the  deeper  ones 
survive.  Lister's  views  as  to  the  nature  of  inflammation  were 
at  the  time  rejected,  because  they  would  not  fit  in  with  the 
cellular  theory  of  Virchow,  which  required  increased  activity  on 
the  part  of  the  tissues. 
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The  belief  that  the  cells  in  inflamed  tissues  originated  by 
multiplication  of  the  tissue-elements  was  supported  by  the  fact 
that  clumps  of  small  round  cells  were  always  found  in  the  posi- 
tions normally  occupied  b}'  the  tissue-corpuscles.  But  these  lie 
in  spaces,  and  migrating  leucocytes  naturally  take  the  easiest 
course  open  to  them  and  invade  these  spaces.  This  is  proved  by 
the  insertion  of  aseptic  pieces  of  dead  tissue  into  the  subcutaneous 
tissue  or  peritoneum  of  a  living  animal;  all  the  appearances  of 
inflammation  will  be  produced  in  it,  though  obviously  its  own 
cells  cannot  have  multiplied. 

When  Senftleben,  with  chloride  of  zinc,  destroyed  all  cells  in 
the  centre  of  a  cornea  without  admitting  any  white  corpuscles 
to  the  area,  the  part  remained  quite  clear.  On  the  third  day 
microscopic  examination  showed  that  the  corneal  corpuscles 
around  the  damaged  area  were  shooting  processes  into  it ; 
nuclei  appeared  on  the  processes,  protoplasm  collected  around 
them,  and  branched  cells  formed,  which  again  threw  out  regen- 
erative processes;  and  thus  the  corneal  corpuscles  were  com- 
pletely restored.  Had  leucocytes  been  admitted  to  the  corneal 
tissue,  controversy  would  have  arisen  as  to  whether  they  also 
did  not  spring  from  the  corneal  cells  by  multiplication;  but 
inflammatory  phenomena  being  prevented,  the  regenerative 
processes  could  be  studied  alone.  In  other  tissues  also  regener- 
ative processes  occur — the  more  resistant  elements  endeavoring 
to  make  good  the  loss  sustained  by  the  tissue;  but  such  attempts 
are  found  only  in  chronic  and  subsiding  inflammations.  In 
these  we  must  be  prepared  to  find  evidence  of  cell-multiplication, 
but  not  as  a  part  of  the  process  of  inflammation.  Injury,  which 
causes  and  fosters  the  latter,  tends  to  prevent  the  occurrence  of 
regeneration;  the  more  intense  the  inflammation,  the  less  likely 
is  evidence  of  regeneration  to  be  found. 

The  Essential  Lesion  of  Inflammation.  —  Having  thus 
briefly  described  the  succession  of  changes  which  occur  in  the 
process  of  inflammation,  it  remains  to  consider  how  an  injur}^ 
can  produce  them.  It  has  been  held  to  cause  abnormal  condi- 
tions of  the  blood,  of  the  tissues,  of  the  nerves,  and  of  the  blood- 
vessels. On  one,  or  other,  or  all  of  these  parts  it  necessarily 
must  act. 

Lister  ("On  the  Early  Stages  of  Inflammation,"  Phil.  Trans., 
1858)  showed  that  an  irritant  did  not  act  through  the  blood,  for 
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momentary  approximation  of  a  hot  iron  could  affect  but  a  very 
small  quantity  of  this  fluid.  Moreover,  we  can  see  the  circula- 
tion going  on  normally  round  a  microscopic  inflammation,  whilst 
corpuscles  entering  this  region  tend  to  stick  to  each  other  and 
to  the  vessel  walls  (p.  238) ;  but,  if  they  get  through  the  part, 
they  go  on  toward  the  heart  quite  normally.  Further,  blood 
drawn  from  an  inflamed  area  behaves  exactly  like  that  from 
other  parts. 

The  tissue-elements  are  certainly  affected  in  cases  due  to 
obvious  external  injury,  but  not  necessarily,  as  shown  by  Cohn- 
heim's  experiment  of  rendering  a  part  anaemic,  washing  out  its 
vessels  with  irritating  solutions,  and  then  allowing  blood  again 
to  flow  through  the  part;  when  all  the  phenomena  of  inflamma- 
tion ensued.  It  is  therefore  possible  to  produce  inflammation 
by  injury  of  the  vessels  alone ;  on  the  other  hand,  Senftleben's 
experiments  on  the  cornea  (p.  241)  show  that  injury  of  a  non- 
vascular tissue  which  does  not  at  the  same  time  affect  vessels,  is 
not  followed  by  the  phenomena  of  inflammation. 

Sensory  and  vaso-motor  nerves  must  often  be  affected  by 
irritants,  and  no  doubt  have  their  share  in  producing  those 
variations  in  calibre  and  flow  which  often  precede  the  essential 
phenomena  of  inflammation.  But  as  all  these  latter  occur  with 
perfect  regularity  in  a  part  of  which  everything  except  the  main 
artery  and  vein  are  divided,  nerves  cannot  be  regarded  as  essen- 
tial to  the  process. 

There  remains,  then,  only  the  vessel-wall.  That  this  is  af- 
fected is  shown  by  the  facts  that  all  the  early  phenomena  of 
inflammation  are  vascular;  that  injury  of  vessels  alone  (Cohn- 
heim)  causes  these  phenomena;  that  injury  of  tissues  alone 
(Senftleben)  does  not  cause  them.  Further,  Ryneck  has  shown 
that  stasis  may  be  produced  in  the  frog's  web  in  which  milk  or 
defibrinated  blood  is  circulating  in  place  of  normal  blood;  and 
also  that  in  vessels,  the  vitality  of  which  has  been  completely 
destroyed  by  the  injection  of  metallic  poisons,  no  such  stasis  can 
be  produced.  In  all  spontaneous  inflammations  the  cause  is 
probably  carried  to  the  part  by  the  blood,  and  acts  first  upon 
the  vessels,  later  upon  the  tissues. 

Later  investigations  have  therefore  confirmed  Lister's  conclu- 
sion in  1858 — viz.,  that  the  essential  lesion  of  inflammation  was 
a  change  in  the  vessel-iuall  resulting  from  an  injury,  which  increased 
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the  friction  naturally  offered  to  the  passage  of  the  blood,  and 
was  a  step  toward  death.  There  is  no  detectable  structural 
alteration  of  the  vessel,  however,  so  Cohnheim  speaks  of  the 
change  as  "  molecular,''  and  regards  it  as  possibly  chemical  in 
nature.  To  cover  all  that  we  now  know  of  the  escape  of  fluid 
and  corpuscles,  it  is  necessary  to  assume  that  the  molecular 
change  not  only  increases  the  friction  between  the  blood  and 
the  vessel-wall,  but  also  that  it  renders  the  latter  more  porous. 

Explanation  of  the  Microscopic  Phenomena  of  Advancing 
Inflammation. — When  contraction  of  arterioles  is  the  first  effect 
of  an  irritant,  it  is  probably  due  to  its  action  as  a  direct  stimu- 
lant of  vessel-wall. 

Dilatatioji  with  acceleration  of  flow  may  probably  occur  in  two 
ways.  Irritation  of  a  sensory  nerve  is  well  known  to  cause 
dilatation  of  the  arterioles  in  its  own  area  of  distribution,  but 
heightened  arterial  tonus  elsewhere.  The  action  of  an  irritant 
not  sufliciently  intense  at  once  to  affect  directly  the  vessels,  will 
stimulate  the  sensory  nerves,  and  cause  this  reflex  local  dilata- 
tion. The  arterioles  dilate,  and,  the  blood-pressure  being  main- 
tained, admit  a  larger  quantity  of  blood  than  normal  to  their 
capillaries,  which  cannot  dilate  proportionally.  The  blood- 
pressure  in  the  capillary  areas  is,  cceteris  paribus,  increased  as  the 
cross-section  of  the  supplying  arterioles  increases.  Under  these 
circumstances,  acceleration  of  stream  will  accompany  dilatation 
of  vessels.  The  w^alls  of  the  latter,  being  uninjured,  may  con- 
tract after  such  dilatation ;  but  Cohnheim  found  that  the  same 
phenomena  occurred  in  the  frog's  tongue,  after  section  of  every- 
thing except  the  lingual  arteries  and  veins.  They  are  then  due, 
perhaps,  to  direct  action  of  the  irritant  upon  the  vessel,  impair- 
ing the  contractilit}'  of  its  muscle,  but  not  injuring  the  endothe- 
lium severely.  Dilatation  of  arteries  diminishes  the  resistance, 
injury  of  endothelium  increases  it.  If  the  former  is  in  excess 
of  the  latter,  the  above  phenomena  will  occur.  They  are  not 
seen  in  severe  injuries,  nor  from  the  slow  action  of  croton-oil  on 
a  part. 

Dilatation  with  Retardation  of  Flow.  Retardation  soon  follows 
upon  acceleration,  though  the  driving-force  continues  unaltered 
and  no  contraction  of  vessels  has  occurred.  Almost  the  only 
conceivable  cause  of  slowing  is,  therefore,  increased  local  resist- 
ance, due  to  alteration  in  the  vessel-wall.    It  is  one  of  the  results 
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of  the  molecular  change.  Kesistauce,  and,  therefore,  retardation, 
increases  with  the  alteration  of  vessel-wall  until  stasis  and  even 
thrombosis  are  reached. 

Escape  of  Contents  of  Vessels.  ISTormally,  the  vessels  permit 
the  escape  of  the  constituents  of  healthy  lymph,  cerebro-spinal 
fluid,  the  fluid  which  moistens  the  pleura,  etc.  These  differ 
from  each  other  markedly,  and  we  do  not  know  why;  but 
directly  an  inflammation  sets  in,  the  normal  fluid  of  the  part  is 
changed  in  proportion  to  the  intensity  of  the  process  (p.  241) — 
the  quantity  of  albumen  rises,  the  tendency  to  coagulate  in- 
creases, white  corpuscles  appear  in  increasing  numbers,  red  are 
found  in  the  exudation  still  later,  and  are  in  great  excess  in  the 
most  severe  forms  of  the  disease.  All  this  is  attributed  to  the 
molecular  change,  which  renders  the  passage  out  of  albuminous 
(colloid)  bodies  more  easy,  as  has  been  shown  by  injecting  solu- 
tions of  such  bodies,  though  the  vessels  bore  the  normal  blood- 
pressure  without  bursting,  even  after  red  corpuscles  had  escaped. 
The  words  migration  and  diajjedesis  are  unfortunate,  insomuch  as 
the  blood-corpuscles  seem  to  take  no  active  part  in  their  escape. 
Amoeboid  movements  of  red  corpuscles  are  unknown,  and  have 
never  been  seen  in  the  white  whilst  within  the  vessels.  The 
forms  assumed  by  the  latter  during  their  escape  suggest  that 
they  are  forced  through  by  the  pressure  of  a  fluid  which  is  also 
escaping.  This  is  supported  by  the  fact  that  active  migration  is 
at  once  stopped  by  compressing  the  supplying  artery.  It  must 
not  be  supposed  that  they  are  forced  through  by  increased  blood- 
pressure;  this  is  diminished  in  the  capillaries  and  veins  of  an 
inflamed  area  in  proportion  as  the  circulation  is  slowed  by  the 
unusual  resistance  which  it  has  had  to  overcome.  Cohnheim 
uses  the  term  "  filtration  "  to  describe  the  process ;  he  says : 
"  Change  of  filter  means  change  of  filtrate."  The  practical 
application  of  the  above  is  either  to  lessen  arterial  pressure  in 
inflamed  parts,  or  to  counterbalance  it  by  uniform  support  of 
the  tissues. 

Destruction  of  tissue  is  due  to  the  damage  done  to  the  elements 
of  the  part  by  the  injury,  to  abnormal  physical  and  chemical 
conditions  from  exudation,  and  to  imperfect  blood-supply  in  the 
more  advanced  stages.  It  is  doubtful  whether  the  leucocytes 
actually  destroy  tissue;  perhaps  their  only  function  is  the  removal 
of  parts  which  are  dead. 
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Explanation  of  the  Clinical  Signs  of  Inflammation. — These 
are  Redness,  Heat,  Swelling,  Pain,  and  Impaired  Function. 

Redyiess  and  heat  may  be  taken  together,  as  depending  upon 
the  quantity  of  blood  passing  through  the  part  in  a  unit  of  time. 
As  a  rule  this  is  greater  than  normal,  the  excess  being  most 
marked  in  the  early  stage  of  the  process,  when  the  part  is 
bright  red  and  hot.  Then  its  vessels  are  fully  dilated,  and  the 
resistance  but  little  increased.  As  the  resistance  grows,  from 
more  marked  molecular  change  and  from  pressure  of  increasing 
exudation,  the  quantity  of  blood  passing  through  the  part  is 
diminished.  Cohnheim  measured  the  blood  returning  through 
both  femoral  veins  after  inflammation  had  been  excited  in  one 
foot  of  a  dog.  At  first  the  delivery  on  the  injured  side  was  ex- 
cessive, sometimes  more  than  twice  normal;  but  when  diffuse 
suppuration  or  sloughing  was  induced,  the  delivery  became 
markedly  less  than  normal.  Coldness  must  go  with  such  a 
state  of  matters;  and  the  part  will  be  bluish  if  its  vessels  are 
dilated  and  full,  but  mottled  or  pale  if  they  are  compressed  by 
exudation.  In  most  inflammations,  the  internal  and  external 
resistances  to  the  circulation  are  not  sufl&cient  to  counterbalance 
the  dilatation,  and  the  blood-pressure  is  kept  up;  consequently, 
the  delivery  from  the  veins  remains  excessive  throughout,  and 
the  part  is  red  and  hot.  Both  redness  and  heat  may  be  con- 
cealed by  thickness  of  normal  tissues  over  the  inflamed  part. 
An  inflamed  foot  may  be  several  degrees  hotter  than  its  fellow, 
but  it  is  never  so  hot  as  the  rectum:  an  inflamed  pleura  is  never 
hotter  than  its  fellow,  but  may  be  colder.  The  rise  of  tempera- 
ture is  due  merely  to  more  rapid  circulation  of  arterial  blood: 
excess  of  heat  is  not  produced  in  the  part.  Increased  nutritive 
exchange  is  required  to  produce  heat;  depression  of  function, 
degeneration,  death,  and  absorption  have  not  this  effect. 

Swelling^  beyond  the  most  trivial,  due  to  dilated  vessels,  arises 
from  exudation  of  fluid  and  corpuscles.  It  may  be  entirely 
owing  to  fluid,  as  in  hydrocele;  or  entirely  owing  to  small  round 
cells,  the  fluid  having  been  absorbed,  as  in  orchitis.  It  varies 
in  amount  with  the  distensibility  of  the  part,  being  most  marked 
in  such  as  the  scrotum  and  eyelids,  least  so  in  bone.  When 
due  to  fluid  (oedema),  the  affected  part  "pits,"  unless  it  is  very 
tensely  stretched.  Swelling  from  cell-infiltration  is  firm,  does 
not  pit,  and  is  sometimes  called  "solid  oedema."    Swelling  may 
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be  absent  in  cases  of  slight  inliammation,  in  which  the  lym- 
phatics suffice  to  carry  away  the  increased  exudation. 

Pain  is  due  to  pressure  of  the  effusion  on  nerve-endings; 
perhaps  also  to  chemical  irritation  of  them.  It  is  greater  the 
more  sensitive  and  the  more  rigid  the  part,  and  the  more  rapid 
the  effusion  into  it,  as  is  seen  in  acute  suppuration  in  a  digital 
tendon-sheath.  It  is  often  throbbing  from  the  increase  of  ten- 
sion with  each  heart-stroke.  The  effect  of  pressure  in  producing 
pain  is  well  shown  by  allowing  an  inflamed  part  to  hang  down. 

Impaired  function  is  due  to  the  fact  that  every  tissue  is  injured 
by  inflammation. 

Varieties  of  Inflammation. — The  process  of  inflammation  is 
always  that  which  has  been  described  on  pp.  236-242,  no  matter 
what  injury  may  have  been  its  cause;  but  we  find,  both  experi- 
mentally and  clinically,  that  the  exudation  produced  by  injuries 
of  different  intensity  acting  for  different  periods  of  time,  varies 
sufficiently  to  allow  of  a  useful  classification  upon  this  basis. 
It  will  be  remembered  that  the  first  effect  of  injury  as  regards 
exudation  was  to  increase  the  quantity  of  fluid  which  escaped 
from  the  vessels,  and  to  render  it  more  albuminous;  then,  whilst 
the  rise  in  quantity  of  albuminous  constituents  continued,  leuco- 
cytes appeared  in  increasing  numbers,  and  the  fluid  became 
more  and  more  coagulable;  with  the  leucocytes  came  a  few  red 
corpuscles,  and  these,  in  the  most  intense  inflammations,  were 
vastly  in  excess  of  the  white.  These  differences  in  the  exuda- 
tion may  be  found  in  passing  from  the  spreading  edge  toward 
the  centre  of  an  inflammation,  such  as  that  v/hich  constitutes 
spreading  traumatic  gangrene.  There  is  no  break  in  the  con- 
tinuity of  its  production;  the  passage  from  serous  to  hemor- 
rhagic occurs  gradually  n^udi  jpari  passu  with  increasing  intensity 
of  the  injury.  Consequently,  the  following  "varieties"  are  to 
be  regarded  simply  as  steps  in  the  process  of  inflammation  due 
to  variations  in  (1)  the  resisting  power  of  the  tissues,  (2)  the 
intensity  of  the  cause,  and  (3)  the  duration  of  its  action. 

Serous  Infiammations.  As  a  result  of  slight  injury,  the  normal 
transudation  from  the  vessels  is  increased  in  quantity,  and  con- 
tains excess  of  albumen,  but  very  few  leucocytes;  consequently, 
it  does  not  coagulate,  or  only  a  few  flakes  form.  The  best 
examples  are  chronic  efiusions  into  serous  cavities — the  pleura, 
joints,  or  tunica  vaginalis  (hydrocele).     An  effusion  of  the  same 
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kind  occurs  also  in  the  substance  of  a  part,  constituting  "  in- 
flammatory oedema."  Such  a  part  is  swollen,  "  pits"  on  pressure 
(unless  very  tense),  and  the  tissue  is  found  to  contain  excess  of 
fluid.  In  impoverished  states  of  the  blood,  especially  when  the 
albumen  is  diminished,  inflammatory  exudations,  even  when  the 
process  is  of  considerable  intensity,  are  liable  to  be  serous.  In 
more  intense  inflammations  also,  where  the  emigration  of  blood- 
corpuscles  is  not  fully  established,  as  in  the  earlier  stages  of  the 
process,  and  when  the  injury  to  the  vessels,  although  severe,  is 
rapid  and  transient  in  its  action,  as  that  caused  by  heat  and 
blistering  agents,  the  effusion  is  often  a  clear  and  only  slightly 
coagulable  liquid.  With  more  severe  damage,  the  percentages 
of  albumen,  fibrinogen,  and  white  corpuscles  increase,  and  fibrin 
forms  in  increasing  quantity.  J^etworks  of  fibrin  are  frequent 
in  the  meshes  of  inflamed  connective  tissue ;  and  large  flakes  of 
it  may  come  away  in  otherwise  serous  effusions.  These  inflam- 
mations are  called  sero-Jibrinous,  and  lead  on  to  the  next  class. 

Fibrinous  Inflammations.  In  these,  the  exudation  is  still  more 
richly  albuminous,  and  contains  more  leucocytes;  it  consequently 
iias  a  much  greater  tendency  to  coagulate,  and  "  lymph"  forms 
on  the  inflamed  surface,  or  in  the  substance  of  the  inflamed 
tissue.  The  proportion  of  fluid  to  lymph  present  in  the  inflamed 
part  should  be  small  to  justify  this  name.  The  most  typical 
examples  are  found  on  serous  membranes.  On  the  surface  of 
the  visceral  pleura,  for  example,  an  irritant  produces  redness 
from  dilatation  of  vessels ;  then  follows  exudation  of  fluid  and 
leucocytes,  and  fibrin  forms  upon  the  surface,  entangling  leuco- 
cytes in  its  meshes.  Fibrin  containing  leucocytes  constitutes 
"lymph;"  the  white  corpuscles  may  be  very  numerous,  or  but 
few  may  be  distinguishable  in  a  granular  or  obscurely  fibrillated 
matrix.  Lymph  may  now  form  upon  the  opposed  surface  of  the 
parietal  pleura,  which  becomes  infected  from  the  original  focus, 
and  the  two  patches  blend.  This  is  the  first  stage  in  the  forma- 
tion of  an  "  adhesion  " — i.  e.,  a  band  of  connective  tissue  between 
the  two  surfaces.  Lymph,  formed  in  exactly  the  same  way,  is 
the  temporary  uniting  medium  in  healing  by  the  first  intention ; 
and  it  is  similar  lymph  which  "glazes"  the  surface  of  an  open 
wound  a  few  hours  after  its  infliction.  In  these  cases,  the  fluid 
escapes  from  the  free  surface.  A  similar  exudation  occurs  into 
connective  tissue  as  a  result  of  chronic  slight  irritation ;    the 
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fluid  is  apparently  absorbed  as  fast  as  it  escapes ;  librin  probably 
forms,  but  is  soon  removed  by  the  agency  of  leucocytes  which 
crowd  the  tissue  and  replace  those  parts  of  it  which  have  been 
destroyed  by  the  primary  injury  and  the  process  excited  by  it. 
Such  an  inflammation  may  end  in  absorption — some  leucocytes 
wandering  into  lymphatics,  and  reentering  the  circulation ; 
others,  together  with  the  fibrin,  undergoing  fatty  changes  and 
forming  an  emulsion  which  is  similarly  absorbed. 

Productive  Inflammations.  In  many  cases  the  inflammatory 
process  ends  in  the  formation  of  new  tissue — inflammatory  con- 
nective tissue ;  and  the  inflammation  is  then  said  to  be  pro- 
ductive. In  this  case  any  fibrin  present  disappears  before  the 
leucocytes  which  crowd  into  the  lymph  and  convert  it  into  a 
tissue  of  closely  packed  leucocytes  in  a  scanty  homogeneous 
matrix.  To  supply  this  with  nourishment,  vascular  loops  spring 
from  the  capillaries  of  the  inflamed  tissue  and  penetrate  into  the 
lymph  in  all  directions ;  this  is  granulation-tissue — the  presence 
of  vessels  and  of  a  homogeneous  instead  of  a  fibrinous  matrix 
constituting  the  difference  between  it  and  lymph.  It  derives 
its  name  from  the  fact  that  on  the  fioor  of  a  healing  ulcer,  which 
consists  of  this  tissue,  the  young  cells  mass  themselves  round 
the  apices  of  capillary  loops,  all  of  which  project  toward  the 
surface;  and  we  thus  get  the  floor  made  up  of  rounded  projec- 
tions, about  the  size  of  a  pin's  head,  which  are  called  "  granula- 
tions." (See  Fig,  82.)  The  jplentiful  formation  of  vessels  is  essential 
to  the  changes  which  this  tissue  undergoes  in  the  production  of  connec- 
tive tissue.  In  healing  wounds,  new  vessels  have  been  found 
protruding  from  adjacent  capillaries  by  the  end  of  the  second 
day  (Wywodzoff"). 

The  development  of  granulation-tissue  into  connective  tissue 
has  been  studied  by  Ziegler,  who  placed  chambers  formed  of 
two  slightly  separated  cover-glasses,  in  the  subcutaneous  tissue 
of  dogs,  and  removed  them  at  varying  periods.  Up  to  the  fifth 
day  they  contained  round  cells — some  with  one,  others  with  a 
bi- or  tri-partite  nucleus;  then  there  appeared  cells  twice  the 
size  of  leucocytes,  containing  a  large  vesicular  nucleus,  slightly 
contractile,  and  capable  of  taking  particles  into  their  substance. 
These  are  often  called  epithelioid — a  bad  name.  Ziegler  speaks 
of  them  2i&  formative  cells  ov  fibroblasts,  because  from  them  all  new 
connective  tissue  develops.     As  they  increase  in  number  those 
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with  divided  nuclei  disappear,  so  it  is  probable  that  the  fibro- 
blasts feed  upon  degenerating  leucocytes.  After  the  twelfth 
day  giant-cells  in  increasing  numbers  were  found,  formed  appar- 
ently at  the  expense  of  cells  in  their  neighborhood — either  by 
their  coalescence  or  by  their  degeneration  and  absorption  by  a 
single  cell.  Many  giant- cells  degenerate,  but  some  may  develop 
into  connective  tissue.  This  tissue  is  thus  formed:  the  fibro- 
blasts assume  very  various  shapes — pyriform,  spindle,  and 
branched — and  are  closely  packed  in  a  homogeneous  inter- 
cellular substance.  The  protoplasm  of  many  cells,  on  the  sides 
of  the  nucleus  and  in  the  processes,  fibrillates,  and  by  the  union 
of  bundles  from  dififerent  cells  and  by  spread  of  the  process  to 
the  intercellular  substance,  we  get  wavy  intercrossing  fasciculi 
of  fibres,  to  which  adhere  some  of  the  nuclei  of  the  original 
cells  with  a  little  protoplasm.     (Fig.  80.) 


Fig.  80. 


Varieties  of  new  groioth  resulting  from  chronic  inflammation  of  connective  tissue. 
A,  an  adenoid,  B,  a,Jibroid,  structure.     X  200. 


This  new  connective  tissue  is  called  inflammatory  or  scar-tissue. 
At  first  it  is  highly  vascular,  a  recent  scar  being  redder  than  the 
surrounding  parts;  but  the  tendency  to  contract  is  characteristic 
of  this  new  fibrous  tissue,  and  as  this  proceeds  vessels  disappear 
and  the  scar,  in  the  course  of  some  weeks  or  months,  becomes 
white  as  compared  with  surrounding  parts.  This  contraction 
of  scar-tissue  may  produce  most  serious  results,  such  as  the 
gravest  deformities,  or  atrophy  of  the  essential  epithelial  ele- 
ments of  glands.  (See  "  Interstitial  ISTephritis  "  and  "  Cirrhosis 
of  Liver.")  It  is  most  marked  where  the  tissues  are  loose,  as 
about  the  scrotum:  and  it  appears  to  be  essential  to  the  process 
of  healing,  which  ceases,  in  a  callous  ulcer  of  the  leg,  so  soon  as 
infiltration  of  surrounding  tissues  and  adhesion  to  deeper  parts 
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arrest  contraction.  A  scar  is  always  a  weak  point  in  the  system, 
and  a  tight  scar  is  always  irritable  and  very  liable  to  break  down. 

But  granulation-tissue  frequently  does  not  develop  into  scar- 
tissue.  Continuance  of  excessive  irritation,  insufficent  develop- 
ment of  vessels,  diminution  of  their  lumina  (as  occurs  in  gum- 
mata),  too  dense  packing  of  the  cells,  and  therefore  excessive 
pressure  on  the  vessels,  will  inevitably  lead  to  degeneration.  It 
has  been  found  that  imperfect  blood-supply  is  accompanied  by 
the  development  of  giant-cells;  they  are  found  in  all  truly 
chronic  inflammations.  Thus  the  typical  structure  of  a  tubercle 
is — a  giant-cell  in  the  centre,  surrounded  by  formative  (epithe- 
lioid) cells,  whilst  outside  these  is  a  ring  of  ordinary  leucocytes. 
In  gummata,  lupoid  nodules,  etc.,  similar  structures  are  frequent. 
A  section  through  the  thickened  synovial  membrane  in  a  case 
of  chronic  arthritis  often  shows  the  following  appearances : 
Externally,  we  find  ordinary  granulation-tissue,  perhaps  devel- 
oping into  scar-tissue;  passing  toward  the  joint  cavity,  we  find 
next  a  layer  of  formative  cells  in  which  giant-cells  become 
increasingly  numerous;  yellow  spots  and  patches  of  fatt}^  de- 
generation now  become  frequent,  and  the  surface  may  be  com- 
posed of  granular  debris  in  which  cell-forms  are  no  longer 
distinguishable.  A  fluid  looking  like  thin  pus  may  occupy 
the  cavity ;  it  contains,  however,  but  few  pus-cells,  consisting 
really  of  fatty  granules,  formed  by  degeneration  of  the  super- 
ficial cells,  suspended  in  fluid.  This  is  chronic  "  suppuration  " 
in  the  knee,  and  chronic  "abscesses"  of  similar  nature  may 
form  elsewhere,  especially  in  connection  with  bone  (caries  of 
vertebrae,  etc.).  On  the  other  hand,  excessive  irritation  or  rise 
in  intensity  of  the  original  irritation  w^ill  destroy  some  of  the 
cells  of  granulation-tissue  and  will  produce  inflammation  of  it 
with  free  escape  of  corpuscles  from  its  vessels — will  cause  it  in 
fact  to  "  break  down  into  pus."  This  is  best  seen  when  the 
surface  of  a  healing  aseptic  ulcer,  having  a  serous  discharge 
only,  is  acted  on  for  some  time  by  a  strong  antiseptic;  the  dis- 
charge becomes  purulent. 

Interstitial  is  the  term  applied  to  inflammations  of  solid  organs 
of  which  the  manifestations  lie  chiefly  in  the  connective  tissue; 
they  may  be  acute,  running  on  even  to  suppuration,  but  as  a 
rule  they  are  ordinary  productive  inflammations.  In  'parenchy- 
matous inflammations  the  epithelial  elements  of  the  organ  show 
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the  most  marked  changes.  These  are  probably  of  a  degenera- 
tive and  necrotic  nature,  mixed  up  with  regenerative  processes. 
The  essential  lesion  of  the  inflammation  must,  of  course,  be  of 
the  vessels  in  the  connective  tissue. 

Suppurative  Inflammation.  This  is  a  very  common  form.  In 
it  the  exudation  contains  the  same  elements  as  in  the  flbrinous 
exudation ;  the  peculiarity  of  the  process  is  that  no  coagulation 
occurs,  no  lymph  forms  and  vascularizes;  but  any  lymph  which 
may  have  formed  at  an  earlier  stage  of  the  inflammation  is  de- 
stroyed when  suppuration  sets  in.  The  irritant  is  more  intense 
than  that  required  to  produce  a  fibrinous  inflammation,  and  it 
is  essential  that  its  action  be  prolonged.  Serous  and  fibrinous 
stages  often  precede  the  suppurative,  showing  that  they  are 
minor  grades  of  the  process. 

Suppuration  may  occur  in  the  tissues  in  either  a  circumscribed 
(abscess)  or  a  diffuse  form,  or  its  seat  may  be  a  free  surface — 
mucous  membrane  or  skin.  In  the  latter  case,  when  the  epithe- 
lium is  destroyed  with  more  or  less  of  the  subjacent  tissues,  the 
process  is  called  ulceration,  but  when  the  deeper  layers  of  the 
epithelium  remain,  it  is  a  purulent  catarrh. 

Formation  of  an  Acute  Abscess.  When  a  suitable  irritant  acts 
upon  a  certain  spot  of  (say)  connective  tissue,  escape  of  fluid 
and  corpuscles,  chiefly  white,  begins,  the  corpuscles  lying  in 
greatest  numbers  round  the  small  veins  (see  Fig.  79)  which  con- 
stitute foci  of  round-celled  infiltration.  The  infiltration  becomes 
increasingly  denser  and  spreads  by  migration  and  transportation 
of  corpuscles  until  the  various  foci  blend.  As  a  result  of  the 
primary  injury  and  of  the  secondary  nutritive  disturbance,  the 
tissue-elements  die,  soften,  and  disappear  before  the  leucocytes. 
These  lie  so  thickly  in  the  centre  of  the  patch  as  to  seem  to  be 
almost  in  contact,  whilst  they  quickly  become  few  and  far  be- 
tween in  the  surrounding  tissues.  In  the  centre  no  vessels  are 
to  be  seen,  they  have  first  become  thrombosed,  and  then  have 
softened  and  disappeared  like  the  other  tissues.  IsTo  new  vessels 
form.  From  mutual  pressure,  and  from  absence  of  nutrition, 
the  central  cells  die  and  degenerate  together  with  the  inter- 
cellular substance.  Thus  is  formed  a  cavity,  bordered  by  still 
living  infiltrated  tissue,  which  contains  dead  leucocytes,  fluid 
intercellular  substance  and  exudation,  and  a  few  living  cells 
which    have   recently  migrated   from   the   living   tissues.      By 
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thrombosis  of  vessels  and  molecular  disintegration  of  the  cells 
they  supply,  bj'  migration  of  corpuscles  and  exudation  of  fluid 
into  the  newly  formed  space,  the  process  spreads,  and  always  in 
the  direction  of  least  resistance — generally  toward  some  free 
surface,  upon  which  the  abscess  bursts.  We  should  find  on 
section  of  the  wall  of  a  spreading  abscess  all  the  stages  of 
inflammation — a  proof  of  the  prolonged  action  of  the  cause. 
In  the  centre,  necrosis;  and,  in  succession  as  we  pass  outward 
from  this,  thrombosis,  stasis,  retardation  of  flow  diminishing, 
and  perhaps  giving  place  to  acceleration,  before  the  normal  cir- 
culation is  reached.  With  retardation  begins  exudation  ;  much 
of  the  fluid  is  taken  ofi:'  by  lymphatics,  but  the  corpuscles  accu- 
mulate in  increasing  numbers,  and  red  join  the  white  outside 
the  vessels  as  the  centre  is  approached.  This  account  explains 
how  it  is  that  we  are  led  to  the  belief  that  suppuration  has 
occurred  when  over  a  deep-seated  swelling  w^e  find  redness, 
heat,  and  cedema — signs  of  an  advancing  inflammation — devel- 
oping. 

An  acute  abscess  almost  always  extends  until  it  bursts  or  is 
opened ;  then  tension,  a  great  cause  of  the  continuance  of  the 
inflammation,  is  relieved,  and  the  pus  formed  escapes  together 
with  its  original  cause.  If  the  cavity  is  completely  drained  and 
kept  at  rest,  and  the  irritation  of  putrid  discharges  prevented, 
the  round-celled  infiltration  of  the  walls  speedily  vascularizes, 
and  they  become  lined  by  granulation-tissue.  This  grows  and 
blends  across  the  cavity,  which  is  perhaps  rendered  potential  by 
falling  together  of  the  walls;  and  then  it  develops  into  scar- 
tissue,  and  thus  the  abscess  is  healed. 

Diffuse  suppuration  is  exactly  the  same  process  going  on  over 
a  wade  area.  It  is  often  more  intense  than  when  circumscribed 
and  it  is  by  no  means  uncommon  to  find  shreddy  sloughs  in  the 
pus — molecular  death  having  been  the  eft'ect  of  the  injury  on 
some  portions  of  tissue. 

Pus  from  a  person  healthy  but  for  a  simple  abscess  (laudable 
pus),  is  a  thick,  creamy,  opaque,  yellow-white  fluid,  slightly 
viscid,  having  a  faint  odor,  alkaline  reaction,  and  specific  gravity 
1030-1033.  It  contains  from  ten  to  fifteen  per  cent,  of  solid 
matter,  of  which  two-thirds  are  albumen,  and  the  rest  fatty 
matter  and  salts,  such  as  are  found  in  blood.  On  standing,  it 
separates  into  a  dense  yellow  layer — pus-corjiuscles,  and  a  clear 
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supernatant  fluid — liquor  pur  is.     The  reason  why  this  exudation 
does  not  coagulate  is  unknown. 

Pus- corpuscles  are  spheroidal  bodies  about  arVfr^^  mc^h.  in 
diameter — semi-transparent,  more  or  less  granular,  motionless, 
and  usually  containing  a  bi-  or  tri-partite  nucleus,  the  segments 
of  which  together  are  no  larger  than  the  original  nucleus.  Such 
division  is  therefore  regarded  as  evidence  of  degeneration  rather 
than  of  multiplication  and  of  growth. 

But  a  small  minority  of  the  cells  have  exactly  the  appearance 
of  leucocytes,  and  perform  amoeboid  movements.     These  are  the 
more  recently  escaped  cells.    Acetic  acid 
clears  up  the  cells,  and  renders  obvious  Fi*^-  ^l- 

the  often  obscure  nucleus  (Fig.  81).  «  -^  * 

It  is  noteworthy  that  pus  has  no  power     ®    ™  *^ 

of  absorbing  sloughs  or  sequestra ;  living  ^  <^    w 

cells  are  required  for  this.    A  bit  of  bone,       Pua  corpuseUs  as  seen  after 

1    J   -1  death,     a,  before,  b,  after,  the 

even  an  ivory  peg,  surrounded  by  granu-   ,,.  .  '  ,.,     .   ., 

•^   i^    o->  ./  o  addition  of  dilute  acetic  acid. 

lation-tissue  will  be  slowly  eroded ;  but     x  400. 

it  may   be  in  pus  for  months  without 

losing  weight,  and  suppuration  is  not  likely  to  cease  until  it  is 

removed.      The  prevention  of  suppuration  is  therefore  to  be 

aimed  at  in  all  cases  of  necrosis  and  of  retention  of  foreign 

bodies  (especially  absorbable  ligatures)  in  wounds. 

Sometimes,  though  rarely  in  the  ease  of  an  acute  abscess, 
after  some  pus  has  formed  the  irritation  becomes  so  slight  that 
granulation-tissue  forms  round  the  fluid,  and  develops  into 
fibrous  tissue.  The  pus  may  long  remain  encapsuled,  its  cor- 
puscles breaking  down  into  fatty  debris ;  but  as  a  rule  the  fluid 
part  is  absorbed,  and  a  more  or  less  drj^  cheesy-looking  mass, 
consisting  of  cell-debris  and  cholesterine  crystals,  is  left  in  the 
capsule.  The  mass  may  calcify.  Such  collections  may  lie 
harmless  in  the  tissues  for  years,  and  finally  become  the  centres 
of  fresh  suppuration.  These  changes  are  much  more  common 
in  chronic  abscesses. 

Ulceration.  We  have  seen  that  suppuration  in  the  substance 
of  tissues  produces  molecular  disintegration  of  them ;  as  a  rule, 
no  distinct  slough  is  found  in  pus.  The  same  molecular  destruc- 
tion eating  away  the  tissues  on  a  free  surface  constitutes  ulcera- 
tion. Under  the  action  of  an  irritant  the  superficial  layer  of  the 
skin  becomes  soaked  with  fluid,  and  leucocytes  escape  in  nuni- 


256 


INFLAMMATION, 


bers  from  the  vessels  and  wander  even  into  the  epithelial  cells, 
where  they  seem  to  have  arisen  by  endogenous  multiplication. 
Under  these  circumstances  the  superficial  cells  do  not  become 
horny,  and  are  easily  brushed  oS;  or  the  original  irritant  may 
have  destroyed  their  vitality  and  cohesion,  and  they  are  washed 
away  by  escaping  fluid.  The  rete  is  now  exposed,  and  irritation 
of  the  deeper  tissues  is  more  easy  by  slight  friction,  contact  with 
chemical  irritants,  putrid  discharges,  etc.  The  inflammatory 
process  becomes  more  intense,  the  escape  of  fluid  and  leucocytes 

Fig.  82. 


A  granulating  surfave.  a.  Layer  of  pus.  h.  Granulation-tissue  with  loops  of  blood- 
vessels, c.  Commencing  development  of  the  granulation-tissue  into  a  fibrillated  structure, 
X  200.     (Rindfleisch.) 


freer,  and  stasis  and  thrombosis  occur  here  and  there.  Death 
of  portions  of  the  papillary  layer  and  of  the  covering  epithelium 
follows,  they  disintegrate  rapidly  and  come  away  in  the  dis- 
charge. The  process  spreads  by  the  production  of  limited  stasis 
and  death  of  tissue;  if  the  stasis  is  at  all  widespread,  a  visible 
slough  will  result.     It  is  common,  indeed,  to  see  tags  of  dead 
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tissue  adherent  to  the  floor  of  a  spreading  ulcer ;  more  intense 
irritation  will  at  any  time  render  them  larger — transform  them 
into  "sloughs."  Ulceration  passes  insensibly  into  gangrene  as 
death  becomes  too  rapid  to  permit  molecular  disintegration  of 
the  dead  parts,  as  they  form,  by  degeneration  and  the  action  of 
leucocytes.  The  discharge  in  the  spreading  stage  consists  of 
leucocytes  and  debris  of  broken-down  tissue  suspended  in  fluid. 
Like  the  edge  of  advancing  suppuration,  the  margin  of  a  spread- 
ing ulcer  exhibits  all  the  stages  of  inflammation,  from  the 
mildest  to  the  production  of  molecular  death.  An  abscess  is 
often  described  as  a  closed  ulcer.  When  the  causes  of  the 
inflammation  are  removed,  the  round-celled  infiltration  of  the 
floor  increases  and  becomes  vascularized  into  granulation-tissue 
(Fig.  82),  Sloughs  are  thrown  oflf  by  the  eating  through  of 
their  connections  with  living  parts,  and  soon  the  base  becomes 
covered  with  "granulations"  (p.  250).  These  are  bright  red, 
slightly  raised,  rounded  elevations,  about  the  size  of  a  small 
pin's  head,  and  consist  of  cells  grouped  round  a  capillary  loop. 
They  contain  no  lymphatics  and  no  nerves,  are  not  tender,  and 
do  not  bleed  readily.  Departure  from  this  type  indicates  disease 
of  the  granulations. 

The  granulation-tissue  grows  either  by  multiplication  of  its 
cells,  or,  as  some  think,  by  vascularization  of  leucocytes,  which 
continue  to  escape  from  the  newly  formed  vessels,  under  the 
irritation  of  exposure,  dressings,  etc. ;  and  it  replaces  such  loss 
of  tissue  as  has  occurred.  At  the  same  time  all  infiltration  is 
removed  from  the  edges,  and  they  sink  gradually  into  the  base. 
Epithelium  now  shoots  in  from  the  epithelial  cells  at  the  margin, 
and  three  zones  can  often  be  distinguished  here — an  inner,  dry, 
red  zone,  where  the  cells  are  one  or  two  thick;  then  a  wider 
blue  zone  where  they  are  thicker,  but  where  no  horny  cells 
exist;  and,  lastly,  an  opaque  white  ring  of  sodden  horny  epithe- 
lium. The  deeper  layers  of  the  granulation-tissue  are  mean- 
while becoming  scar-tissue,  contracting  and  drawing  together 
the  edges  of  the  sore,  so  the  epithelium  has  less  and  less  to 
cover;  and  finally  the  whole  surface  is  skinned  over,  and  all 
granulation-tissue  is  converted  into  fibrous  tissue.  Contraction 
goes  on  even  after  this,  and  the  resulting  scar  is  very  much 
smaller  than  the  original  ulcer. 

17 
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Hemorrhagic  mflammaiion.  This  form  of  inflammation  is 
characterized  by  an  exudation  in  which  red  corpuscles  are  in 
great  excess.  Red  corpuscles  are  the  last  to  escape  of  the  con- 
tents of  vessels  which  we  can  watch  whilst  they  are  subjected  to 
the  action  of  an  irritant.  In  a  case  of  spreading  traumatic  gan- 
grene, under  the  care  of  Mr.  Boyd,  the  tissues  a  short  distance 
above  the  actually  gangrenous  part  were  crammed  with   red 

corpuscles    showing    that  the 

Fig.  83.  vessels    could    hold    none    of 

"  their  contents  (Fig,  83);  higher 

''^        up  there  was  a  free  escape  of 

'•''  ,,  leucocytes,  and  of  a  sero-fibrin- 

'i_  ^       ous    effusion    (Fig.  79.);    and 

'  - "     ^  T^l       higher    still   was    effusion    of 

J  (^  ■')  ..  ."^k      simple  serous  fluid.   Of  course, 

'siSf^  -^1      the  injury  may  be  so  intense 

^^J"      as  to  cause  free  escape  of  red 

.        .  ""         corpuscles  from  the  capillaries 

„        ,        ^     ■      '•"'■"^"-"  at  once.    The  fluid  which  soaks 

Deeper  layer  oj  cutis  and  subctUaiieous  fat 

a  short  distance  above  the  dead  part  in  a  case  the  part    lU    these    CaSeS  IS  USU- 

of  spreading  gangrene.     The   interstices  of  ally     thin,     and    -mOrC     Or     leSS 

the  tissues  are  crammed  with  red  corpuscles  ^         .  blood-Staiued.  The 

and  a  few  white,     c.t.  Connective  tissue;  f-  ^  "^ 

fat-cells;  r.c.  red  corpuscles.    X  200.  greater  the  numbcr  of  capil- 

laries present  in  a  tissue,  the 
more  likely  is  an  exudation  to  be  hemorrhagic;  severity  of 
injury  is  the  other  factor.  There  are  generally  many  red  cor- 
puscles present  in  the  exudation  of  acute  pneumonia.  The  free 
escape  of  red  corpuscles  shows  that  the  capillary  stream  in  the 
part  is  reduced  to  a  minimum,  that  the  injury  done  to  the  tissue 
is  a  very  grave  one,  and  that  stasis,  death,  and  thrombosis  are 
impending.  Too  often  obvious  gangrene  is  the  termination  of 
such  inflammation. 

Terminations  of  Inflammation.  —  1.  Resolaiion.  This,  the 
most  frequent  and  most  favorable  termination  of  inflammation, 
consists  in  the  cessation  of  the  process  and  the  restoration  of  the 
part  to  health.  For  this  to  occur,  it  is  necessary,  first,  that  the 
exciting  cause  be  removed ;  next,  that  the  walls  of  the  blood- 
vessels be  restored  to  their  normal  condition,  in  order  that  ab- 
normal transudation  may  be  arrested;  and,  lastly,  that  all 
exudation  be  removed,  and  killed  or  damaged  tissue-elements 
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regenerated.  This  restoration  will  obviously  be  more  easily 
effected  in  the  earlier  than  in  the  more  advanced  stages  of  the 
inflammatory  process.  But  resolution  even  of  stasis  sometimes 
occurs,  and  may  be  watched  under  the  microscope.  The  cor- 
puscles of  the  stagnant  blood  move  oft',  one  after  another,  till 
a  slow  stream  is  reestablished  through  the  inflamed  area;  the 
flow  quickens  as  resistance  lessens  and  as  the  vessels  contract, 
owing  to  gradual  recovery  of  their  muscular  coats;  exudation, 
first  of  corpuscles,  then  of  fluid,  ceases;  and  the  circulation 
again  becomes  normal.  Serous,  sero-fibrinous,  and  productive 
inflammations  in  their  early  stages  are  those  which  end  in  reso- 
lution ;  once  normal  tissue  has  been  replaced  by  granulation- 
tissue  or  scar-tissue,  or  has  been  destroyed  by  suppuration,  ulcer- 
ation, or  gangrene,  resolution  is  impossible.  A  normal  condition 
of  the  walls  of  the  bloodvessels  is  dependent  upon  the  proper 
circulation  of  the  blood  through  them  and  the  vasa  vasorum. 
Whatever,  therefore,  favors  the  reestablishraent  of  normal  cir- 
culation in  the  inflamed  area  will,  as  pointed  out  by  Cohnheim, 
favor  resolution. 

The  last  element  in  resolution  is  the  removal  of  the  inflamma- 
tory products — fluid,  and  corpuscles.  These  are  removed  mainly 
by  the  lymphatics;  but  after  restoration  of  the  circulation,  ab- 
sorption is  carried  on  to  some  extent  by  the  veins  also.  In  the 
later  stages  of  the  process  any  unabsorbed  fibrin  or  blood- 
corpuscles  undergo  fatty  degeneration,  and  thus  the  complete 
removal  of  the  inflammatory  products  is  much  facilitated.  (See 
"Gray  Hepatization.")  The  process  of  "Regeneration"  will  be 
described  later. 

All  conditions  interfering  with  the  lymphatic  or  vascular 
circulation,  such  as  the  pressure  exercised  by  a  large  effusion  in 
a  serous  cavity,  or  by  a  richly  cellular  exudation  in  a  lymphatic 
gland,  must  retard  resolution.  (See  "Caseation"  and  "Scrofu- 
lous Inflammation.")  Interference  with  the  lymphatic  circula- 
tion tends  especially  to  prevent  absorption,  interference  with 
the  circulation  in  the  bloodvessels  to  prevent  that  restoration  of 
those  vessels  to  a  normal  condition  which  is  necessary  to  arrest 
the  continued  transudation. 

2.  Necrosis.  Inflammation  may  terminate  in  death  of  the 
inflamed  tissue.  Inasmuch  as  inflammation  is  always  due  to 
injury,  the  process   is   probably   accompanied,  in   all   but   its 
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slightest  forms,  by  death  of  tissue-elements  (Weigert) ;  careful 
microscopic  examination  may  be  necessary  to  detect  this. 
Clinically,  we  do  not  speak  of  necrosis  unless  obvious  death  of 
tissue  has  occurred,  and  generally  en  masse  (gangrene),  as  dis- 
tinguished from  the  molecular  destruction  characteristic  of  sup- 
puration and  ulceration. 

The  more  severe  the  injury,  the  longer  its  period  of  action, 
and  the  feebler  the  resistance  of  the  tissues,  the  more  likely  is 
necrosis  to  result.     It  may  be  produced  in  the  following  ways : 

1.  By  severe  injury  acting  on  a  part,  not  killing  it  at  once, 
but  by  continued  action  producing  inflammatory  disturbance  of 
the  circulation,  ending  in  thrombosis.  The  tissues  are  affected 
by  the  injury  equally  with  the  vessels,  and  suflfer  also  from  the 
circulatory  disturbances. 

2.  By  an  irritant  conveyed  to  the  part  by  the  vessels,  affecting 
them  primarily,  and  inducing  the  above  changes  in  them.  The 
tissues  are  affected  secondarily,  both  by  the  irritant  and  by  the 
circulatory  disturbance. 

3.  By  pressure  of  inflammatory  exudation,  fluid  or  solid, 
rapidly  or  slowly  strangulating  the  supplying  vessels,  as  in 
sloughing  of  skin  from  tense  oedema,  necrosis  of  tendons  in 
whitlow,  death  and  degeneration  of  cells  in  chronic  inflamma- 
tions. Death  is  more  likely  to  be  produced  in  this  way  vrhen 
the  exudation  occurs  in  unyielding  parts,  especially  into  bone; 
here  death  of  the  exudation  before  the  bone  is  completely 
eroded  means  death  of  the  bone  and  formation  of  a  sequestrum. 

Some  causes  of  inflammation  always  lead  to  gangrene — e.g., 
those  of  carbuncle,  malignant  pustule,  hospital  gangrene.  Such 
inflammations  are  sometimes  called  gangrenous.,  or  necrotic. 

The  ulcerative  process  by  which  a  slough  or  sequestrum  is 
detached  has  already  been  described  (p.  42). 

The  diphtheritic  is  a  special  variety  of  necrotic  inflammation. 
It  affects  the  surfaces  of  mucous  membranes  and  wounds.  It 
flnds  its  type  in  the  inflammation  of  the  pharynx  and  adjacent 
parts,  which  characterizes  the  disease  "  diphtheria."  In  this, 
the  affected  mucous  membrane  is  covered  by  a  more  or  less 
firmly  adherent  "  false  membrane,"  of  gray  or  yellow  color 
(sometimes  looking  like  clot  from  presence  of  red  corpuscles), 
generally  rather  tough,  but  sometimes  quite  pulpy.  Micro- 
scopically, it  seems  to  consist  of  a  close  network  of  fibrin,  con- 
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taining  here  and  there  leucocytes  in  the  meshes;  but  the  deeper 
part  of  the  membrane  consists  of  what  look  like  flakes  of 
coagulated  albumen.  The  epithelium  is  completely  destroyed, 
together  with  more  or  less  of  the  subepithelial  tissue.  These 
false  membranes,  however,  resist  much  more  strongly  than  fibrin 
the  action  of  reagents — e.  g.,  acetic  acid ;  and  Weigert  states  that 
they  are  formed  by  "coagulation-necrosis"  of  the  epithelial  and 
connective-tissue  elements.  Certain  of  these  cells  are  killed  by 
the  injury,  and  Cohnheim  supposes  that  in  dying  they  give 
origin  to  a  ferment  and  to  a  body  like  paraglobulin,  which 
unites  with  the  fibrinogen  of  lymph — a  hypothesis  supported  by 
the  fact  that  the  diphtheritic  process  occurs  only  in  parts  freely 
supplied  with  lymph,  and  is  arrested  by  suppuration,  as  the 
formation  of  fibrin  is.  When  affecting  only  the  epithelial  layer 
of  the  larynx,  the  disease  is  called  "  croup." 

A  similar  pathological  change  may  occur  on  any  mucous 
membrane — e.  g.,  conjunctival  (diphtheritic  conjunctivitis),  in- 
testinal (dysentery).  These  are  infective  inflammations;  but 
simple  injuries,  like  scalds,  will  produce  the  same  anatomical^ 
cljange.  The  existence  of  a  diphtheritic  membrane  by  no  means 
implies  the  poison  of  diphtheria  as  its  cause. 

Such  membranes  must  be  distinguished  from  those  really 
formed  of  lymph. 

3.  New  Growth.  Inflammations  ending  in  new  growth  are 
the  so-called  "productive"  inflammations  (p.  250).  For  this  to 
occur  the  inflammation  must  reach  the  fibrinous  stage,  it  must 
endure  for  some  time,  it  must  not  pass  on  to  suppuration,  and 
the  blood-supply  must  be  plentiful. 

Etiology  of  Inflammation. — It  must  always  be  remembered, 
in  considering  the  mode  of  production  of  an  inflammation,  that 
there  are  two  factors  in  the  process — the  cause  and  the  tissues  which 
it  acts  upon.  We  have  learned  (p.  31)  that  tissues  may  either 
inherit  or  acquire  an  impaired  power  of  resisting  injury:  in  this 
case  a  proportionally  slighter  cause  will  be  required  to  produce 
the  same  result. 

With  regard  to  the  nature  of  the  cause — it  is  always  some 
mechanical,  chemical,  or  physical  agent  which  injures  the  vessel- 
walls,  and  generally  the  other  tissues  also.  These  agents,  if  of 
sufiicient  strength  and  continued  for  a  suflolcient  time,  would 


262  INFLAMMATION. 

produce  death  of  the  part,  and,  short  of  this,  they  produce 
changes  toward  death. 

Etiologically,  inflammations  may  be  divided  into  simple  or 
traumatic,  and  cryptogenetic,  including  (a)  septic  and  (/?)  infective. 

1.  Simple  or  Traumatic  Inflammations.  These  are  those  due  to 
the  action  of  some  obvious,  injurious  agency,  such  as  mechanical 
violence,  the  action  of  caustic  and  irritant  chemicals,  of  exces- 
sive heat  or  cold,  of  electricity  strong  enough  to  produce  elec- 
trolysis of  the  fluids  of  the  part,  or  of  prolonged  local  anaemia 
and  consequent  privation  of  blood.  It  is  characteristic  of  in- 
flammation from  these  causes  alone,  that  it  has  no  tendency  to 
spread  beyond  the  part  originally  injured  nor  to  pass  on  to  more  ad- 
vanced stages  after  the  cause  has  ceased  to  act.  Every  one  knows 
how  slight  are  the  inflammatory  changes  induced  by  very  severe 
subcutaneous  injuries,  smashing  bones,  opening  up  joints,  etc.; 
but  in  man  these  are  almost  the  only  cases  in  which  all  other 
causes  are  excluded.  In  animals  experiments  have  furnished 
us  with  other  proofs. 

Hiiter  injected  a  five  per  cent,  solution  of  nitrate  of  silver  or 
of  chloride  of  zinc  into  muscles  and  other  tissues  of  animals, 
quite  killing  the  part  acted  on.  In  a  large  number  of  the  cases 
no  sign  of  inflammation  was  found  in  the  surrounding  tissues. 
Other  experiments  were  made  by  plunging  a  cautery  into  a 
muscle  (Hallbauer)  and  bringing  the  previously  divided  skin 
together  over  the  injury,  antiseptics  being  used.  Only  such 
changes  occurred  round  the  eschar  as  take  place  in  the  absorp- 
tion and  replacement  by  fibrous  tissue  of  a  simple  infarct.  Here, 
then,  we  have  examples  of  the  most  severe  mechanical,  chemical, 
and  physical  injuries  killing  considerable  masses  of  tissue,  and 
yet  infiammation  does  not  advance  beyond  its  earliest  stages. 
In  each  case  the  irritant,  though  intense,  is  fairly  localized  in  its 
action,  v^^lich  is  of  short  duration.  Certain  parts  are  absolutely 
killed  by  it,  and  the  area  around  these,  which  is  damaged,  is  a 
very  narrow  one.  So  soon  as  the  moxa  has  ceased  acting  the 
tissues  tend  of  themselves  to  recover;  hence  inflammation  ex- 
cited by  such  causes  as  the  above  is  at  its  height  very  soon  after 
the  action  of  the  irritant,  and  tends  soon  to  subside  unless  some 
fresh  irritant  is  introduced.  A  chemical  irritant  may  enter  the 
body  at  a  distance  from  the  part  at  which  its  chief  action  takes 
place;  thus  alcohol  taken  by  mouth  causes  cirrhosis  of  the  liver, 


ETIOLOGY.  263 

and  turpentine  or  cantharides  inflammation  of  the  kidneys,  by 
which  organs  these  drugs  are  eliminated. 

Under  this  heading  come  inflammations  which  are  referred  to 
cold  and  wet — "rheumatic"  and  "reflex"  inflammations.  When 
a  man  gets  conjunctivitis  from  the  action  of  a  draught  through 
a  keyhole  upon  his  eye,  the  relation  between  cause  and  effect  is 
easily  comprehensible  :  but  it  is  not  so  easy  to  understand  why  a 
neuritis  of  the  facial  should  ensue  from  exposure  to  cold  whilst 
a  great  thickness  of  superficial  tissue  seems  uninjured.  But 
this  difficulty  becomes  much  greater  when  internal  organs  (lungs, 
kidneys)  become  inflamed,  apparently  in  consequence  of  cold 
acting  upon  the  surface,  of  wet  feet,  etc.  Pneumonia,  which 
appeared  to  be  an  example  of  this,  seems  likely  to  prove  an 
infective  disease.  On  this  view,  any  effect  produced  by  cold 
can  be  regarded  only  as  predisposing.  We  know  that  surface- 
cold  drives  the  blood  to  internal  organs  and  raises  the  blood- 
pressure  ;  can  this  produce  inflammation  ?  Lassar  plunged 
rabbits  into  iced  water  and  thoroughly  chilled  them  ;  he  found 
changes  in  all  the  organs,  especially  the  lungs  and  liver,  in 
which  the  arteries  were  thrombosed  and  patches  of  round  cells 
lay  about  the  veins;  the  same  changes  were  noted  in  foetal 
organs  when  the  animals  were  pregnant.  He  believed  the 
changes  to  be  due  to  the  irritant  action  of  cooled  blood  upon 
the  vessels  of  internal  parts.  Perhaps  something  of  the  same 
kind  may  occur  in  man,  and  a  locus  minoris  resistentise  must  be 
assumed  to  explain  why  the  kidney  in  one  case,  the  lung  in 
another,  is  affected.  Frequent  exposure  to  cold  might  then 
well  be  regarded  as  a  cause  of  chronic  nephritis ;  for  the  tem- 
porary albuminuria  induced  in  some  people  by  a  cold  bath 
shows  that  the  kidneys  become  much  congested. 

It  is  held  by  some  that  excessive  functional  activity  is  a  direct 
cause  of  inflammation — conjunctivitis  from  over-work  being  the 
usual  example. 

Nervous  Influence,  too,  called  into  action  by  irritative  lesions 
of  nerve  trunks,  is  regarded  as  a  direct  cause;  herpes  zoster 
being  the  favorite  instance.  The  data  are  not  yet  sufficient  to 
decide  the  question. 

Many  irritants  of  the  above  class  act  once  for  all,  and,  if 
severe,  generally  for  a  short  time  only;  but  slighter  forms  may 
act  constantly  or  frequently — as  a  foreign  body  lodged  in  the 
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tissues,  alcohol,  or  cold.  But,  speaking  generally,  none  of  the 
irritants  of  this  class  acting  under  natural  conditions  produce 
suppuration.  If  intense,  the  animal  soon  gets  away  from  them ; 
whilst  those  which  do  not  cause  pain  are  not  sufficiently  intense 
to  cause  suppuration,  no  matter  how  they  act.  Mtrate  of  silver 
injected  forms  an  albuminate,  and  probably  soon  ceases  to  irri- 
tate; but  if  glass  capsules  of  croton  oil  or  turpentine,  which  are 
not  thus  neutralized,  are  placed  aseptically  in  the  subcutaneous 
tissue  and  the  capsules  broken  when  the  wound  is  healed,  sup- 
puration results,  and  no  organisms  are  found  in  the  pus  (Coun- 
cilman), A  condition  like  this  rarely  or  never  arises  in  man ; 
in  him  we  must  look  among  the  next  classes  for  the  causes  of 
suppuration. 

2.  Grypiogenetic  Inflammations.  In  a  very  large  number  of  the 
inflammations  met  with  in  practice  there  has  been  no  obvious 
mechanical,  chemical,  or  physical  injury.  Until  recently  the 
causes  of  such  were  obscure,  and  they  have  hence  been  called 
cryptogeyietie^  a  better  name  than  idiopathic.  In  the  chapter  on 
"  Vegetable  Parasites "  evidence  has  been  given  which  proves 
that  some,  and  renders  it  probable  that  all,  of  these  inflamma- 
tions are  due  to  the  action  of  various  fungi.  These  may  act 
either  as  mechanical  or  as  chemical  irritants — essentially,  there- 
fore, they  produce  inflammation  in  the  same  way  as  do  the  gross 
lesions  which  have  been  mentioned  as  causes  of  simple  inflam- 
mation. But  the  living  and  particulate  nature  of  these  poisons 
confers  upon  the  processes  to  which  they  give  rise  so  many 
peculiarities,  besides  that  of  obscurity  of  origin,  that  they  are 
best  treated  of  separately. 

Fungi,  by  their  growth  in  animal  fluids,  keep  up  a  continuous 
supply  of  the  products  of  their  life-action  so  long  as  the  condi- 
tions are  suitable  for  their  development.  When  the  products 
are  irritant,  necrosis,  or  some  form  of  inflammation,  will  result 
in  the  tissues  with  which  they  are  in  contact.  The  result  will 
vary  with  the  quantity  and  intensity  of  the  irritant,  and  the 
duration  of  its  action.  Other  features  in  the  morbid  process  are 
Jue  to  the  rate  and  mode  of  spread  of  the  organism  through  the 
tissues.  With  regard  to  the  quantity  of  the  poison — the  fungus 
may  grow  freely  or  with  difficulty,  according  as  the  conditions 
are  favorable  or  unfavorable ;  in  the  one  case  there  will  be 
much,  in  the  other  little,  poison  produced.     The  resistance  of 
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the  tissues  to  the  same  poison  varies ;  hence  the  variations  in 
intensity  of  the  same  disease — e.g.,  erysipelas.  Different  fungi 
give  rise  to  products  varying  enormously  in  their  power  of 
injuring  the  tissues — some  producing  actual  gangrene,  others 
the  various  degrees  of  inflammation  in  either  an  acute  or  chronic 
form.  It  is  for  the  production  of  those  forms  of  inflammation 
which  require  the  steady  action  of  an  irritant  that  the  fungi  are 
so  peculiarly  suited ;  for,  so  long  as  they  can  grow,  a  continued 
supply  of  irritant  is  kept  up.  If  the  irritant  is  tolerably  intense, 
suppuration  is  induced,  just  as  it  was  by  croton  oil  (p.  264);  the 
strong  irritant  kills  the  leucocytes  soon  after  their  escape,  and  in 
some  unknown  way  prevents  the  formation  of  fibrin.  If  the 
irritant  is  less  intense,  the  early  stages  of  productive  inflamma- 
tion (p.  250)  result,  as  in  tubercle,  leprosy,  farcy.  The  charac- 
teristic lesion  of  these  and  some  other  diseases  is  a  tumor-like 
inflammatory  nodule  developed  round  a  spot,  as  there  is  reason 
to  believe,  at  which  parasites  have  lodged,  and  whence  they  may 
spread  and  infect  neighboring  and  distant  parts.  These  lesions 
are  therefore  spoken  of  collectively  as  the  infective  granulomata,  a 
name  signifying  infective  tumor-like  formations  of  granulation- 
tissue  (Ziegler). 

With  regard  to  the  rate  and  mode  of  spread  in  the  tissues — 
some  fungi  cannot  live  in  healthy  tissues  at  all  (non-pathogenic); 
of  the  pathogenic,  some  spread  only  by  continuity  of  tissue, 
others  find  a  suitable  nidus  in  lymph,  and  therefore  spread  by 
lymphatics  (soft  chancre  poison),  whilst  others  again  enter  the 
blood-stream  and  are  carried  everywhere  by  it  (Bacillus  an- 
thracis).  It  is  in  this  way  that  the  so-called  metastatic  inflamma- 
tions are  probably  to  be  explained — e.  g.,  the  secondary  abscesses 
of  pyaemia  which  constantly  contain  organisms,  the  orchitis  of 
mumps,  the  albuminuria  which  so  often  complicates  certain 
specific  diseases.  Unless  organisms  settle  at  certain  spots  they 
cause  no  local  irritation;  but  it  by  no  means  follows  that  they 
can  develop  and  excite  irritation  wherever  they  may  lodge, 

a.  Septic.  Of  non-pathogenic  organisms,  those  which  cause  ordi- 
nary putrefaction  are  of  great  importance  as  causes  of  inflam- 
mation. The  term  septic  should  be  limited  to  inflammations  of 
this  kind.  When  a  purely  mechanical  injury,  such  as  a  simple 
fracture,  is  complicated  with  a  wound  which  does  not  heal  by 
first  intention  and  is  not  treated  antiseptically,  more  or  less  pro- 
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fuse  suppuration,  perhaps  spreading  widely  from  the  seat  of 
injury  and  inducing  necrosis,  results.  Often  the  discharges  and 
sloughs  become  obviously  putrid  as  the  inflammation  develops ; 
and  the  microscope  reveals  in  them  Bacterium  termo  and  other 
organisnris,  especially  micrococci.  The  chemical  products  of 
these  fungi  are  the  cause  of  the  inflammation ;  and,  if  pent  up 
under  any  pressure  in  the  wound,  they  are  driven  into  lymphatics 
and  connective-tissue  spaces,  exciting  inflammation,  going  on 
even  to  sloughing.  In  tissues  thus  killed,  the  non-pathogenic 
organisms  may  grow,  exciting  fresh  decomposition  in  the  im- 
mediate vicinity  of  living  parts,  and  thus  the  process  may  spread. 
If  all  discharge  is  drained  away  as  fast  as  it  forms,  and  if  there 
are  no  sloughs  upon  the  surface  of  a  wound,  there  will  be 
nothing  for  a  non-pathogenic  organism  to  develop  in ;  for  lymph 
must  be  regarded  as  living.  Free  drainage  is  not,  however, 
always  obtainable,  nor  can  sloughing  always  be  prevented;  we 
must  therefore  prevent  the  access  of  organisms  to  the  dead 
material  by  the  use  of  antiseptics  about  the  wound,  by  filtration 
of  the  air  through  cotton-wool,  etc.  When  this  is  done  the 
course  of  an  open  wound  is  like  that  of  a  subcutaneous  injury. 

A  wound  is  a  spot  through  which  pathogenic  organisms  fre- 
quently enter  the  body,  septic  discharges  being  apparently  suit- 
able media  for  their  development.  Practically,  it  is  found  that 
a  wound  guarded  from  putrefaction  is  protected  also  from  infec- 
tive organisms. 

/?.  Infective.  Pathogenic  Organisms  cause  inflammation  by 
penetrating  into  living  tissues,  and  causing  irritant  decomposi- 
tion of  their  fluids.  Their  mode  of  penetration  and  other  facts 
concerning  their  life-histories  are  given  in  the  chapter  on  "Vege- 
table Parasites ;"  as  also  are  the  inflammations  of  which  they  are 
believed  to  be  the  cause.  They  are  called  infective  because  their 
poisons  multiply  in  the  tissues  and  spread,  or  are  conveyed  to 
neighboring  (locally  infective)  or  distant  (generally  infective) 
parts  in  which  they  set  up  similar  processes.  Simple  and  septic 
inflammations  are  non-infective.  Peculiarities  in  the  poisons 
(probably  in  the  life-requirements  of  the  fungi)  impart  those 
peculiarities  to  the  inflammations  to  which  they  give  rise,  by 
which  the  latter  are  recognized ;  and  these  peculiarities  are  con- 
stant. Such  inflammations  are  called  specific,  because  they  arise 
from  specific  causes. 
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CHAPTER  XXIX. 

THE  INFECTIVE  GRANULOMATA. 

The  infective  granulomata,  which  include  tubercle,  lupus, 
syphilis,  glanders  and  farcy,  leprosy  and  actinomycosis,  have 
many  analogies  with  tumors.  They  all  consist  of  cells,  varying 
between  lymphoid  and  giant  cells  in  size,  Ijing  in  a  scanty 
matrix ;  and  the  collection  of  cells  presents  to  the  naked  eye  a 
more  or  less  defined  outline.  The  lesions  therefore  resemble 
sarcomata  in  structure.  Many  of  them  develop  without  any 
obvious  cause,  and  are  accompanied  by  no  signs  of  inflamma- 
tion ;  they  often  persist  for  long  periods,  rarely  undergoing 
absorption  or  development  into  a  permanent  tissue,  but  often 
degenerating  early ;  and,  lastly,  most  lesions  of  this  kind  have 
an  infective  power,  disseminating  poison  by  both  blood  and 
lymphatic  vessels.  In  all  these  respects  the  above-mentioned 
new  formations  resemble  malignant  tumors,  but  they  differ  from 
them  etiologically.  In  the  case  of  some  we  know,  and  there  is 
good  reason  in  all  for  believing,  that  the  tumor-like  nodules  are 
products  of  chronic  inflammation,  excited  by  the  growth  of 
organisms  at  certain  points  in  the  tissues.  Irritation  is  main- 
tained so  long  as  the  fungi  grow,  and  therefore  the  processes 
are  often  chronic.  Vascularization  is  imperfect  or  absent,  so 
degeneration  is  the  rule.  Infection  of  other  parts  is  due  to 
spread  of  the  organism,  not  of  the  new  cells,  from  the  primary 
focus. 

The  above  diseases  are  as  specific  as  the  "  acute  specifics." 
Their  essential  lesions  necessarily  have  a  decided  resemblance; 
but  the  primary  seats,  modes  of  generalization,  modes  and  times 
of  degeneration,  and  the  clinical  symptoms,  establish  the  most 
distinct  diseases.  The  transmissibility  from  person  to  person  of 
syphilis  and  glanders  is  well  known ;  experimentally  tubercle 
can  be  transmitted,  and  the  clinical  evidence  in  favor  of  the  cpm- 
municability  of  this  disease  and  of  leprosy  is  getting  stronger. 
Actinomycosis  has  been  transmitted  from  man  to  animals.    The 
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name  adopted  for  the  group  originated  with  Yirchow,  and  is 
used  by  Ziegler.  It  seems  better  than  any  other  to  express  the 
nature  of  the  lesions — tumor-like  bodies,  consisting  of  granula- 
tion-tissue, and  locally  or  generally  infective. 

Tubercle    and   Tuberculosis. 

By  "  tuberculosis  "  is  understood  an  infective  disease,  which 
is  characterized  anatomically  by  the  formation  of  those  small 
nodular  lesions  known  as  tubercles.  The  distribution  of  these 
lesions  may  be  more  or  less  general — acute  general  tuberculosis  ; 
or  they  may  be  limited  to  small  areas,  e.  g.,  synovial  membrane 
of  a  joint  or  a  pleura — local  tuberculosis.  The  latter,  as  a  rule, 
runs  a  much  more  chronic  course  than  the  former,  and  perhaps 
its  chief  danger  is,  that  it  may  serve  as  a  focus  for  general 
infection. 

Naked-eye  Appearances. — Tubercles  are  divided  into  gray 
and  yellow,  the  latter  being  later  stages  of  the  former.  Gray.,  or 
miliary,  tubercles  (gray  granulations)  are  grayish,  semi-trans- 
lucent, rounded  bodies,  varying  from  just  visible  points  to 
nodules  the  size  of  a  pin's  head,  or  sometimes  larger.  Yellow 
tubercles  are  generally  larger — sometimes  forming  masses  the 
size  of  a  cherry  or  small  walnut,  and  softer  than  the  gray.  In 
some  cases  most  of  the  tubercles  present  are  gray,  whilst  in 
others  all  are  yellow;  but  it  is  frequently  possible  to  trace  every 
stage  in  the  formation  of  a  yellow  from  a  gray  nodule.  Fatty 
degeneration  commencing  centrally  is  the  main  cause  of  the  dif- 
ference between  them.  The  larger  masses  of  yellow  tubercle 
are  formed,  not  by  growths  of  individual  tubercles,  but  by  the 
origin  close  together  of  several  tubercles  which  blend.  It  is 
often  possible  to  recognize  a  narrow  gelatinous  zone,  which 
consists  of  undegenerate  tubercles  round  the  cheesy  mass,  and 
tubercles  may  be  seen  radiating  from  the  cheesy  focus  into  the 
surrounding  tissues. 

Seats. —  The  mucous  membranes  —  respiratory,  alimentary, 
and  genito-urinary — and  the  serous  membranes  are  very  com- 
monly affected;  so  also  is  the  pia  mater.  The  dura  mater,  the 
ependyma,  and  the  endocardium  rarely  suffer.  Of  the  organs 
— tubercles  are  frequent  in  the  lymphatic  glands,  lungs,  liver, 
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spleen,kidneys,  and  testes;  less  common  in  the  brain  and  spinal 
cord,  adrenals,  and  prostate;  rare  in  the  heart,  salivary  glands, 
and  pancreas;  very  rare  in  the  mamma,  ovaries,  thyroid,  and 
voluntary  muscles.  They  have  often  been  found  in  skin  and 
bone.  They  occur  especially  in  childhood  and  early  adult  life, 
but  no  age  is  exempt. 

Histology. — On  examining  microscopically  even  the  smallest 
visible  tubercle,  it  is  found  to  be  formed  by  the  aggregation  of 
more  minute  bodies,  each  of  which,  as  a  rule,  contains  the  fol- 
lowing elements:  Centrally,  either  one  or  more  multinucleated 
giant-cells  (Figs.  84  and  85),  or  some  granular  debris  surrounded 


Fig.  84. 


Fig. 


4^ 


A  multinucleated  cell  from  the  lung  in  a 
case  of  chronic  phthisis.  Showing  the  large 
number  of  nuclei  with  bright  nucleoli. 
X  400. 


A  multinucleated  cell  from  the  lung  in  a 
case  of  chronic  phthisis.  Showing  the  long 
branched  processes,  which  are  continuous 
with  the  reticulum  of  the  surrounding  in- 
durated growth.  Some  of  the  processes 
are  in  connection  with  smaller  nucleated 
elements.     X  200. 


by  giant-cells ;  outside  the  giant-cells  are  usually,  but  by  no 
means  invariably,  seen  large  cells  with  big  nuclei  and  granular 
protoplasm,  often  called  epithelioid  cells;  and  outside  these  again 
there  is  a  zone  of  lymphoid  elements,  which  has  no  definite  ex- 
ternal or  internal  limit.  The  giant-cell  or  cells  in  many  cases 
send  off  processes  which  anastomose  and  form  an  open  network 
(Fig.  86),  in  which  the  other  cells,  especially  the  epithelioid,  lie. 
The  lymphoid  cells  are  commonly  contained  in  the  meshes  of  a 
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homogeneous  or  more  or  less  iibrillated  reticulum,  which,  in 
some  cases,  especially  in  slowly  developed  lesions,  is  well  marked 


Multinucleated  and  branched  cells  from  a  firm  gray  miliary  tubercle  of  the  lung  in  a  case 
of  acute  tuberculosis.  Wide  meshes  are  seen  in  the  immediate  vicinity  of  the  cells 
enclosing  a  few  lymphoid  elements.  The  branched  processes  are  directly  continuous  with 
the  reticulum  of  the  tubercle.     X  200. 


Fig.  87. 


(Fig.  87),  in  others  is  less  prominent,  whilst  in  others  again  is 
entirely  wanting. 

The  above  elements  are  just  those  which  Ziegler  found  be- 
tween his  glass  plates  in  chronic  inflam- 
mations (p.  250).  There  is  nothing  specific 
in  any  one  of  them,  i.  f,,  no  tubercle-cell, 
as  was  formerly  supposed ;  but  the  larger 
forms  are  commoner  in  tubercle  than  in 
other  chronic  inflammations — perhaps  be- 
cause tubercles  are  non-vascular.  In  the 
pia  mater,  it  is  true,  tubercles  are  gener- 
ally found  upon  one  side  of  or  surround- 
ing a  small  vessel,  lying  within  its  sheath, 
and  often  occluding  its  lumen  ;  and  some- 
times compressed  vessels  can  be  seen  lying  between  the  outer- 
most cells.  But  no  new  vessels  are  formed,  and  those  natural 
to  the  part,  unless  they  are  of  some  size,  are  soon  occluded  by 
pressure.  It  will  be  remembered  that  the  development  of  giant- 
cells  in  inflammatory  exudations  occurred  inversely  as  the  de- 


A  portion  of  a  gray  mi- 
liary tubercle  of  the  lung 
Showing  the  reticulated 
structure  often  met  with  in 
these  nodules.     X  200. 
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velopraent  of  vessels;  and  that  imperfect  vascularization  led  to 
those  degenerative  processes  which  are  so  characteristic  of 
tubercle.  Miliary  tubercles  are  so  small  that  they  may  well  be 
nourished  for  a  time  by  surrounding  vessels. 

A  non-vascular  nodule  of  the  above  structure  is  the  ana- 
tomical characteristic  of  tubercle,  and  it  is  not  microscopically 
distinguishable  from  the  products  of  other  very  local  chronic 
inflammations.  Nor  can  it  be  said  to  be  even  constant.  For, 
especially  in  acute  cases,  soon  ending  fatally,  some  of  the 
tubercles  may  consist  of  small  round  cells,  no  epithelioid  or 
giant-cells  having  developed;  and  in  the  lung  the  alveolar 
epithelium  often  enters  largely  into  the  constitution  of  the 
lesions.  Tubercles  visible  to  the  naked  eye  will,  however,  gen- 
erally consist  of  aggregations  of  nodules  of  the  above  structure. 
(See  Fig.  97.) 

The  virus  of  tubercles  does  not  always  produce  nodules. 
Laennec  divided  tubercular  lesions  into  the  nodular  and  the 
infiltrating.  In  the  latter  case  a  diffuse  inflammation  is  found, 
and  microscopic  examination  shows  the  presence  of  numerous 
non-vascular  collections  of  cells,  not  aggregated  into  visible 
nodules,  but  separated  by  an  ordinary  round-celled  infiltration. 
The  presence  of  the  ordinary  tubercles  in  a  tissue  always  excites 
more  or  less  inflammation,  as  is  best  seen  in  serous  membranes. 

The  sources  of  the  cells  in  tubercle  have  been  the  subject  of 
much  controversy,  some  maintaining  that  they  are  the  results 
of  hyperplastic  processes  among  connective  tissues  (endothelium 
of  lymphatics  and  serous  membranes,  adventitia  of  vessels, 
ordinary  connective  tissue),  others  that  they  are,  or  develop 
from,  white  corpuscles.  Ziegler's  experiments  incline  us  to  the 
belief  that  the  latter  are  the  true  sources.  But  the  irritation  is 
so  slight  that  regenerative  processes  may  go  on  in  the  more 
resistant  cells  of  the  part,  and  in  the  lungs  multiplication  of 
epithelium  takes  place  freely.  Giant-cells  are  stated  by  Klein 
to  originate  in  the  lung  from  the  alveolar  epithelium.  Cheyne 
also  asserts  that  in  the  lungs  and  liver  both  epithelioid  and 
giant-cells  are  formed  from  epithelium  as  a  rule ;  but  the  endo- 
thelium of  the  lymphatics  may  also  give  rise  to  them.^ 

Not  long  ago,  tubercle  was  supposed  to  arise  in  lymphoid 

1  Practitioner,  April,  1883,  p.  310. 
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tissue,  but  the  above  statements  show  that  many  doubt  its  origin 
even  in  connective  tissue. 

Secondary  Changes. — Tubercle  invariablj^  undergoes  more 

or  less  retrograde  metamorphosis,  although  the  extent  of  this 

varies  considerably,  and  in  some  cases  the  nodules  may  become 

developed  into  an  imperfect  fibroid  structure.     The  occurrence 

of  retrograde  metamorphosis  is  mainly  owing  to  the  obliteration 

of  the  bloodvessels  which  accompanies  the  growth  of  the  lesions. 

The  change  commences  in  the  centre  of  the  nodule,  this  being 

the  part  first  developed,  and  consequently  that  which  is  the 

furthest  removed  from   vascular  supply.     The    nodule   breaks 

down  into  a  granular  fatty  debris,  so  that  its 

I'lG-  88.  central  portions   soon  become  opaque  and 

^^^^^^^  yellowish.     (Fig.    88.)     In    some    cases   the 

^S^^^ff^^       process  of  disintegration  is  rapid,  whilst  in 

^^^^^^kM|^§:     others  it  is  more  gradual.    It  is  usually  most 

(^^^^^^^^^       marked   in   the   larger   and    more   diffused 

^^Mw'^^^'"         lesions,  and  hence  it  is  these  lesions  which 

^      ^  ,  ,      are  most  commonly  of  a  yellow  color  and 

One  of  the  gray   nod-  ,  "^  '' 

ulea  from  the  lung  in  a      Soft     COnsistcnce     ("  yclloW     tubcrclc  ").        In 

case  of  acute  tuhercuio-     other   cascs   the  retrograde  -change  is   less 
sis,  which  is  becoming    ^.^^^^^    ^he  rccticulum   of  the  uodulc  be- 

opaque  and  soft   in    the  ' 

centre.  ^Diagrammatic.)  comes  dcuser  and  more  fibroid,  and  although 
the  imperfect  fibroid  tissue  usually  ultimately 
undergoes,  in  its  central  parts,  more  or  less  fatty  metamorphosis, 
the  nodule  may  remain  as  a  firm  fibroid  mass.  This  occurs 
more  especially  in  the  smaller  lesions.  The  extent  and  rapidity 
of  the  retrograde  change  depend,  I  believe,  partly  upon  the 
intensity  of  the  infective  process,  and  partly  upon  constitutional 
conditions.  The  existence  of  scrofula  favors  retrograde  changes 
in  tuberculous  lesions,  as  it  does  in  all  inflammatory  products, 
and  it  is  in  those  who  are  markedly  scrofulous  that  tubercle 
undergoes  the  most  rapid  degeneration.  (See  "  Scrofulous  In-" 
flammation.")  These  changes  will  also  be  influenced  by  the 
intensity  of  the  infective  process.  The  more  intense  the  pro- 
cess the  greater  is  the  tendency  to  the  degeneration  and  soften- 
ing of  the  nodules;  the  less  intense  and  more  chronic,  the  more 
liable  are  the  miliary  lesions  to  become  fibroid. 

The  retrograde  changes  of  the  tubercle  may  lead  to  caseation, 
calcification,  or  softening.     The  occurrence  of  softening  in  super- 
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ficial  lesions,  as  of  the  skin  or  mucous  membrane,  causes  the 
destruction  of  the  covering  tissue  and  the  formation  of  an  ulcer. 
The  products  of  the  tubercular  process  escape  and  the  ulcer  may 
heal ;  but  very  frequently  the  destruction  of  tissue  is  kept  up  by 
the  formation  and  softening  of  new  tubercles  in  the  base  and 
round  the  margins  of  the  ulcer.  When  this  process  of  softening 
takes  place  in  the  substance  of  an  organ,  a  tubercular  abscess 
results,  as  is  often  seen  in  lymphatic  glands,  spinal  caries,  etc. 
Softening  of  tubercular  masses  in  the  lung  gives  rise  to  cavities. 

Recovery  of  a  part  may,  therefore,  occur,  with  loss  of  substance, 
by  means  of  the  fibroid  change  or  by  the  healing  of  a  tubercular 
ulcer.  On  the  other  hand,  tubercular  processes  may  directly 
lead  to  death  by  generalizing,  or  by  exhaustion  from  profuse 
and  prolonged  discharge,  coupled  with  lardaceous  degeneration, 
or  indirectly  by  opening  the  way  for  the  infective  diseases  of 
wounds — pyaemia,  erysipelas,  etc. 

Etiology  and  General  Pathology. — Some  twenty-five  years 
ago,  Buhl,  who  had  noticed  the  very  frequent  presence  of  one 
or  more  caseous  foci  in  cases  of  general  tuberculosis,  and  who 
had  described  also  the  local  infection  which  often  occurs  round 
such  foci,  promulgated  the  view  that  a  poison  capable  of  giving 
rise  to  tuberculosis  was  generated  in  the  process  of  caseation 
of  the  products  of  some  simple  inflammation.  Caseation  was 
essential  to,  and  was  the  cause  of,  the  development  of  the  virus. 
From  the  centre  of  its  development,  the  infective  material  might 
spread  to  the  neighboring  parts  or  to  parts  at  a  distance. 

In  1865  Villemin  placed  tubercular  material  beneath  the  skin 
of  rodents,  and  general  tubercle  developed ;  he  believed,  there- 
fore, that  tuberculosis  was  a  disease  due  to  a  specific  poison 
contained  in  the  foci  of  the  disease.  His  experiments  were 
repeated  by  Cohnheim  and  Frankel,  Wilson  Fox,  Sanderson, 
and  others,  who  found  that  tuberculosis  could  be  induced,  not 
only  by  the  inoculation  of  cheesy  material  which  was  not  tuber- 
cular, but  also  by  inducing  simple  inflammation  by  the  insertion 
of  setons,  of  vaccine  virus,  bits  of  cork,  paper,  etc.  Sanderson, 
however,  concluded  that  nothing  induced  tuberculosis  with  such 
certainty  as  material  taken  from  an  undoubtedly  tubercular 
source. 

Klebs  pointed  out  the  possibility  of  the  contamination  of  the 
supposed  simple  material  by  tubercular,  for  at  that  early  date 

18 
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precautions  were  not  very  stringent.  It  is  probable,  too,  that 
in  many  cases  where  septic  materials  were  used  that  the  process 
induced  was  pygemic. 

In  proof  of  the  truth  of  Kleb's  objection,  Cohnheim  failed  to 
obtain  positive  results  in  Kiel  and  Breslau,  his  previous  experi- 
ments having  been  made  in  the  pathological  institute  at  Berlin; 
and  Frankel  also  failed  in  a  private  house  in  the  same  city. 
Whilst  inoculation  of  non-tubercular  material  into  the  anterior 
chamber  of  the  eye  failed  invariably  to  induce  tuberculosis,  the 
inoculation  of  tubercular  material  produced  tubercles  in  the  iris 
and  in  the  body  at  large  a  little  later.^  Tappeiner  and  others 
caused  animals  to  inhale  tubercular  material  and  they  became 
tuberculous.  These  and  other  facts  caused  many  to  regard 
tubercle  as  a  specific  infectious  disease ;  Cohnheim  adopted  the 
view  warmly.^ 

Many  of  those  who  held  this  belief  suspected  that  the  virus 
was  a  vegetable  parasite  and  searched  for  it.  Klebs,^  Schiiller,* 
and  Toussaint^  cultivated  a  coccus  form  from  human  tubercle 
and  produced  tuberculosis  by  inoculation  of  animals  with  it. 
Schiiller  found  these  cocci  in  chronically  inflamed  synovial 
membranes  and  lupus-tubercles. 

Aufrecht^  stated  that  the  centres  of  tubercles  consist,  not  of 
caseous  material,  but  of  cocci  singly  and  in  chains  and  of  narrow 
rods,  half  as  long  again  as  broad,  stained  by  fuchsine  (in  too 
weak  a  solution  to  stain  Koch's  bacillus). 

The  next  publication  was  Koch's  paper.^  By  a  special  pro- 
cess of  staining  he  tirst  demonstrated  the  constant  presence  of 
peculiar  bacilli  in  eleven  cases  of  acute  tuberculosis,  twelve  of 
cheesy  broncho -pneumonia,  one  of  tubercular  nodule  in  the 
brain,  and  two  of  intestinal  tuberculosis  in  man.  Ten  cases  of 
perlsucht,  and  cases  of  spontaneous  tubercle  in  monkeys  and 
other  animals  were  investigated  with  a  like  result;  and,  Anally, 
the  bacilli  were  found  in  a  large  number  of  rodents  and  five 

1  Cohnheim  and  Salomonsen  :  Virchow's  Archiv,  Ixxxii.  p.  355. 

*  "D.  Tuberkulose  v.  Standkunkt  d.  Infectionslehre,"  1879. 
'  Frag.  med.  Wochenschr.,  1877. 

*  "D.  Skroph.  u.  tuberk.  Gelenkleiden,"  1880. 

*  "  Comptes  Rendus,"  1881. 
6  Path.  Mittheil.,  1881. 

'  "D.  JEtioloffied.  Tuberkulose;"  Berl.  klin.  Wochenschr.,  No.  16,  1882. 
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cats  artificially  infected.  As  proving  that  the  tuberculosis  re- 
sulted from  the  inoculation,  and  was  not  accidental,  we  have  the 
invariable  coincidence;  the  more  rapid  development  of  the  arti- 
ficial than  of  the  spontaneous  tuberculosis ;  the  early  infection 
of  the  glands  nearest  the  seat  of  inoculation,  whereas  the  bron- 
chial glands  usually  enlarge  first  in  spontaneous  disease ;  and, 
lastly,  control-experiments  in  which  animals  were  treated  ex- 
actly as  inoculated  animals  were,  but  no  living  h&ciWi  were  intro- 
duced— no  tuberculosis  occurred. 

Finally,  the  bacilli  were  cultivated  at  37°-38°  C.  in  blood- 
serum  sterilized  and  rendered  solid  by  a  special  process ;  after 
passing  through  many  flasks,  these  bacilli,  suspended  in  distilled 
water  and  injected,  produced  tuberculosis  as  surely  as  the  origi- 
nal material. 

These  results  have  been  fully  confirmed,  especially  by  Cheyne,^ 
so  the  proof  appears  to  be  complete. 

With  regard  to  the  cocci  found  by  previous  observers,  they 
have  not  been  found  by  the  most  eminent  workers  in  the  field 
of  microorganisms;  and  Cheyne,  who  obtained  material  from 
Tojissaint  for  a  full  investigation  of  his  results,  was  unable  to 
confirm  them  in  the  slightest  degree.  On  the  contrary,  Koch's 
B.  tuberculosis  was  the  only  organism  he  could  demonstrate  in 
tubercles  artificially  induced  by  Toussaint. 

We  are  therefore  justified  in  believing  that  B.  tuberculosis 
is  the  cause  of  all  tubercular  processes.  Its  presence,  at  least 
in  the  early  stages,  rather  than  any  anatomical  structure,  must 
be  the  essential  characteristic  of  tubercle. 

Characteristics  of  Bacillus.  The  bacillus  is  2-6  /^  long,  very 
thin  {4th-^th  length),  motionless,  rounded  at  the  ends,  and  gen- 
erally appears  beaded — clear  spots  (4-8)  alternating  with  stained 
parts.  They  are  usually  straight,  but  may  be  curved;  they 
occur  singlj^,  but  sometimes  in  pairs.  They  probably  multiply 
from  spores  only  within  the  body.  As  a  rule,  they  are  found  in 
the  cells  of  the  tubercle,  especially  giant-cells.  They  are  well 
shown  here  in  the  accompanying  drawing,  made  from  a  speci- 
men kindly  lent  me  by  Mr.  Watson  Cheyne.     (Fig.  89.) 

Growing  only  at  high  temperatures  (30°-41°  C),  they  prob- 
ably do  not  multiply  outside  the  body,  but  live  a  wholly  parasitic 

1  Practitioner,  April,  188^. 
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life.  They  are  destroyed  by  boiling,  by  perchloride  of  mercury 
solution,  and  carbolic  acid;  but  they  resist  the  action  of  a  1  per 
1000  solution  of  the  perchloride  and  a  five  per  cent,  solution 
of  carbolic  acid  for  sonae  minutes.  Drying  does  not  kill  the 
organisms.  They  may  be  found  in  air  expired  by  phthisical 
patients.     Nothing  is  known  of  their  origin  or  habitat  external 

to  the   body.      They  probably 

Fig.  89.  are   carried    directly   from  pa- 

@.^^--''-^^^^'"'~~-^   _  tient  to  patient. 

"  ^     "  ^_  Mode    of    Entry    into    Body. 

■"^  I         "     -      :^"%       Nothing  is  known  of  their  entry 

'1       i(J     f^'-y}      by  wounds,  though  it  has  been 

//jj:?''    ^.        /      ' ^ ^       'i    ^f°'    '®'/(^'     said  that  tuberculosis  has  been 

grv-  X       ^'"~~    ;^  }^^®'      conveyed  by  vaccination.     The 

^'         evidence  is  of  the  usual  post  hoc 

kind,    and    the    statement   has 

^,     ,      '-^"'.  probability  against  it;   for  the 

lubercle    bacilh    tn   giant-ceh.       From         '  i  •         i 

tuberculosis  of  horse.     X  600.  blood    of  tubcrCular    auimals    IS 

infective  only  in  the  most  acute 
cases  of  general  tuberculosis.  Post-mortem  wounds  have  never 
been  suspected  as  a  source.  The  raucous  membranes  must 
therefore  be  the  ordinary  seats  of  entry  of  the  bacilli.  The 
success  of  inhalation-experiments  with  tubercular  sputa,  and  of 
feeding-experiments  with  tubercular  material,  demonstrates  the 
entry  of  bacilli  into  the  respiratory  and  intestinal  mucous  mem- 
branes, and  the  possibility  of  general  infection  by  these  channels. 
The  relative  frequency  of  pulmonary  tuberculosis  as  a  primary 
lesion  would  go  to  show^  that  the  bacilli  enter  the  system  through 
the  pulmonary  more  often  than  through  the  intestinal  mucous 
membrane.  But  this  evidence  is  not  altogether  sound;  for  the 
primary  lesion  may  occur  in  a  bone,  joint,  or  testicle,  not  having 
been  preceded  by  any  marked  disease  of  lung  or  alimentary 
tract.  Here  it  is  impossible  to  say  where  the  bacillus  entered ; 
but  it  must  have  done  so  without  causing  any,  or  only  the  most 
trivial  disturbance.  Lymphatic  glands  are  among  the  com- 
monest primary  seats  of  tubercular  disease  (see  "  Scrofula "), 
and,  as  a  rule,  some  irritation  in  the  area  whence  they  derive 
their  supply  is  discoverable.  This  may  have  been  actually 
excited  by  the  entry  of  the  organism,  but  there  is  as  yet  no 
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proof  of  this ;  if  due  to  other  causes,  the  damaged  tissues  would 
surely  admit  the  bacillus  more  easily  than  healthy  ones. 

Infection  through  the  alimentary  canal  is  believed  by  some  to 
be  brought  about  by  the  use  of  the  meat  and  milk  of  tubercular 
animals.  Perlsucht  is  very  common  among  cattle,  and  would 
be  a  frequent  cause  of  tuberculosis  were  infection  by  this  channel 
easy.  Animals  fed  on  the  pearl  nodules  become  tubercular; 
but  animals  fed  on  the  flesh  and  milk  of  tubercular  oxen  some- 
times become  tubercular,  sometimes  they  do  not.  Probably, 
the  bacilli  are  inconstantly  present.  The  evidence  is  sufficient 
to  render  care  obligatory,  especially  in  the  selection  of  milk  for 
children. 

Having  entered  the  tissues,  the  bacillus,  either  at  the  spot  of 
entry  or  at  some  other  spot  to  which  it  has  been  carried  by  the 
lymph-  or  blood-stream,  may  develop  and  excite  inflammation; 
or,  perhaps,  it  may  And  no  place  in  which  it  can  live,  and  soon 
perishes.  Many  people  are  almost  constantly  exposed  to  infection 
through  the  lungs,  and  yet  do  not  acquire  the  disease ;  and  we 
do  not  know  whether  in  these  cases  the  organism  cannot  enter, 
or  enters  but  cannot  live ;  although  the  latter  is  much  the  more 
probable.  Nothing,  however,  is  more  certain  than  that  a  certain 
predisposition  is  almost  as  necessary  for  the  production  of  a  tuber- 
cular process  as  is  the  cause.  We  have  no  knowledge  of  what 
constitutes  this  predisposition.  It  may  be  either  acquired  or 
inherited,  and  afiects  certain  tissues  and  organs  much  more 
commonly  than  others  (p.  268). 

Supposing  the  bacillus  to  enter  and  to  find  a  suitable  nidus 
in  the  lungs,  intestine,  some  lymphatic  gland,  bone,  or  joint,  it 
develops  and  excites  a  local  tuberculosis,  the  products  of  which 
generally  caseate  more  or  less  completely.  Such  disease  may 
long  remain  limited  to  the  parts  first  aflPected,  caseating,  calci- 
fying, and  softening;  or  recovery  may  occur.  On  the  other 
hand,  the  virus  may  spread  to  surrounding  parts  by  means  of 
the  lymphatics,  or  may  become  generalized  by  the  blood-stream, 
then  exciting  general  acute  tuberculosis  in  suitable  subjects. 

Modes  of  Spread.  By  Lymphatics.  Round  a  cheesy  patch  in 
the  lung  or  brain,  gray  granulations  are  often  seen  extending 
radially  into  the  healthy  tissues;  they  are  most  numerous  in 
the  immediate  neighborhood  of  the  caseous  nodule,  and  by  de- 
generating and  blending  with  the  cheesy  focus  they  cause  it  to 
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"  grow."  The  situation  being  a  favorable  one  for  observation, 
the  process  of  infection  of  mesenteric  glands  from  an  intestinal 
ulcer  may  sometimes  be  traced  by  tubercles  along  the  track. 
Ponfick  has  described  as  not  very  uncommon  in  cases  of  acute 
tuberculosis,  tubercles  in  the  thoracic  duct;  these  he  regards  as 
evidence  that  the  virus  had  passed  by  this  channel  to  the  blood. 

By  Veins.  Miigge^  described  tubercular  infiltration  of  the 
walls  of  pulmonary  vessels,  especially  veins,  in  pulmonary  tuber- 
culosis; and  Weigert^  believes  that  this  actual  growth  of  the 
bacillus  into  the  circulation  is  frequently  the  source  of  general 
infection. 

By  Arteries.  In  a  cheesy  bronchial  gland  from  a  case  of  acute 
tuberculosis  Koch  found  the  wall  of  an  artery,  which  was  still 
pervious,  similarly  infiltrated ;  and  he  believed  this  to  be  the 
source  of  general  infection.^ 

In  one  or  other  of  these  ways,  or  perhaps  in  all  of  them,  the 
virus  reaches  the  blood  and  is  carried  all  over  the  body,  devel- 
oping when  and  where  the  conditions  are  suitable — in  the  lungs, 
meninges,  etc.  If  the  supply  of  virus  is  plentiful,  the  case 
is  likely  to  be  most  acute.  Laennec  used  to  teach  that  the 
tubercles  appeared  in  crops,  distinguished  by  the  amount  of 
degeneration  they  had  undergone.  This  would  indicate  an 
intermittent  supply. 

It  is  impossible  to  explain  why  some  tubercular  processes 
remain  local,  whilst  others  generalize.  Blocking  of  lymphatics, 
non-invasion  of  the  walls  of  bloodvessels,  feeble  local  growth 
of  the  bacillus,  healthy  resistance  on  the  part  of  the  tissues  in 
general,  may  afford  hypothetical  explanations. 

Although  in  the  great  majority  of  cases  of  acute  tuberculosis 
a  primary  cheesy  focus  is  found,  it  will  have  been  gleaned, 
especially  from  Koch's  experiments  with  pure  cultivations,  that 
caseation  has  nothing  whatever  to  do  with  the  production  of  the 
tubercular  virus. 

1  Virchow's  Archiv,  vol.  Ixviii.  p   242. 

2  Ibid.,  vol.  Ixxvii.  p.  269.  »  Cheyne,  p.  292. 
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Tuberculosis  of  the  Pia  Mater. 

In  the  pia  mater  the  tuberculous  process  is  associated  with 
inflammation  of  the  meninges,  constituting^the  condition  known 
as  tubercular  meningitis.  This  is  almost  invariably  a  part  of  a 
general  tuberculosis. 

The  process  is  almost  exclusively  confined  to  the  pia  mater  at 
the  base  of  the  brain,  and  the  tuberculous  nodules — which  may 
easily  escape  observation — are  seen  in  connection  with  the  small 
arteries  in  the  Sylvian  fissures,  and  deeply  seated  between  the 
convolutions.  A  few  scattered  granulations  are,  however,  fre- 
quently visible  on  the  upper  surface  of  the  hemispheres.  The 
inflammatory  growth  originates  in  the  perivascular  lymphatic 
sheaths  which  enclose  the  small  arteries  of  the  pia  mater 
(Fig.  90);  and  the  cellular  infiltration  commencing  at  sepai-ate 


Miliary  tubercle  in  the  pia  mater.  The  dotted  line  indicates  the  original  size  of  the 
tubercular  nodule.  A.  The  lymphatic  sheath.  V.  The  bloodvessel.  F.  Elements  within 
the  sheath.     X  100.     (Cornil  and  Ranvier.) 


centres,  numerous  small  gray  nodules  are  produced  around  the 
vessel.  These,  which  are  distinctly  visible  to  the  naked  eye, 
cause  an  external  bulging  of  the  sheath,  and  a  diminution  in 
the  calibre,  or  even  complete  obliteration,  of  the  enclosed  vessel. 
The  localized  obstructions  to  the  circulation  which  result  from 
the  pressure  of  the  perivascular  nodules  increase  the  hypersemia 
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at  the  base  of  the  brain,  which  thus  becomes  exceedingly  vas- 
cular, there  being  in  some  cases  rupture  of  the  vessels  and  ex- 
travasation. A  transudation  of  the  liquor  sanguinis  takes  place 
from  the  hypersemic  and  injured  vessels,  blood- corpuscles  escape, 
and  thus  the  meshes  of  the  pia  mater  become  infiltrated  with  a 
sero-fibrinous,  and  often  purulent  liquid. 

These  changes  in  the  pia  mater  at  the  base  of  the  brain  are 
attended  by  softening  of  the  immediately  subjacent  cerebral  sub- 
stance, which  becomes  infiltrated  with  young  cells.  The  lateral 
ventricles  at  the  same  time  become  distended  with  serum  (acute 
hydrocephalus),  so  that  the  convolutions  on  the  surface  of  the 
hemispheres  are  seen  to  be  much  flattened.  The  ependyma 
and  choroid  plexus  also  become  exceedingly  vascular,  and  the 
walls  of  the  ventricles,  together  with  the  fornix  and  soft  com- 
missure, become  much  softened.  All  of  these  changes  are 
owing  partly  to  an  inflammatory  process,  and  partly  to  the 
mechanical  obstruction  to  the  circulation  caused  by  the  tuber- 
culous growth.  In  addition,  the  arachnoid  membrane  is  dry 
and  sticky. 

Tuberculous  Masses  in  the  Brain.  —  In  addition  to  the 
miliary  lesions  occurring  in  the  pia  mater  in  tubercular  menin- 
gitis, large  tuberculous  masses  are  occasionally  met  with  in  the 
brain  unassociated  with  a  general  tuberculous  process.  These 
masses,  which  vary  in  size  from  a  hazel-nut  to  a  hen's  egg,  com- 
monly occur  in  the  cerebral  substance,  especially  at  the  base  of 
the  brain.  They  are  of  a  pale  yellow  color  and  firm  consistence, 
and  usually  form  quite  round  globular  tumors.  Their  surface 
is  often  seen  to  be  covered  with  minute  gray  nodules,  which 
extend  into  the  surrounding  tissue ;  and  on  section,  similar 
nodules  are  sometimes  visible,  scattered  through  the  substance 
of  the  tumor.  In  most  cases  only  one  or  two  such  masses  are 
found,  but  occasionally  they  are  more  numerous.  They  occur 
especially  in  childhood,  and  usually  in  "scrofulous"  children. 
When  examined  microscopically  they  are  found  to  be  made  up 
of  small-celled  structure  and  giant-cells,  such  as  have  been 
already  described  as  so  characteristic  of  tuberculous  lesions. 
This  structure — which  is  best  seen  in  the  peripheral  portions  of 
the  tumor  —  is  often  concentrically  arranged  around  blood- 
vessels, and  is  found  undergoing  in  dift'erent  parts  fibrous  and 
caseous  metamorphosis. 
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From  the  fact  that  miliary  nodules  are  so  often  to  be  seen  on 
their  surface  and  extending  into  the  surrounding  tissue,  it  is 
supposed  that  these  masses  originate  by  the  aggregation  of  such 
nodules — that  the  primary  nodule  constitutes  a  locally  infective 
focus,  and  so  causes  a  succession  of  growths  in  its  immediate 
vicinity.  Occasionally  the  tuberculous  mass  causes  a  more  gen- 
eral infection,  and  so  gives  rise  to  tubercular  meningitis  or  to 
a  general  tuberculosis  (p.  277). 

Tuberculosis  of  Lymphatic  Glands. 

In  the  lymphatic  glands,  tuberculous  processes  give  rise,  in 
the  first  place,  to  changes  in  the  central  portions  of  the  gland 
(Treves),  inasmuch  as  it  is  with  these  that  the  infective  material 
which  is  conveyed  by  the  lymphatic  vessels  first  comes  into  con- 
tact. (Fig.  91.)  In  the  earlier 
stage  of  the  process  small  gray  ^^^-  91- 

nodules  are  visible,  scattered 
through  the  cortex.  These 
gTadually  increase  in  size,  and 
become  caseous.  The  gland 
then  becomes  enlarged,  the  dis- 
tinction between  its  medullary 
and  cortical  portions  becomes 
lost,  and  it  becomes  changed  to 
a  grayish  homogeneous  mass, 
in  which  are  varying  sized 
tracts  of  caseous  material  The 
new    growth    very    frequently 

undergoes  a  marked  fibroid  development,  so  that  the  caseous 
masses  are  surrounded  by  a  dense  fibroid  structure.  The  case- 
ous portions  of  the  gland  may  subsequently  soften,  dry  up,  or 
calcify. 

Tuberculosis  of  Mucous  Membranes. 


Mii 


Tuberculosis  of  a  lymphatic  gland.  The 
earliest  stage  of  the  process,  showing  the 
giant-cell.     X  200. 


Tuberculous  processes  in  mucous  membranes  appear  often  to 
be  secondary  to  some  simple  inflammation  of  the  membrane. 
The  intestinal,  the  urino-genital,  and  the  respiratory  mucous 
membranes  may  all  be  the  seats  of  tuberculosis. 
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The  Intestine. — In  the  intestine,  the  changes  have  their  seat 
in  the  solitary  and  Peyer's  glands,  and,  as  in  typhoid  fever,  it  is 
especially  these  structures  in  the  lower  part  of  the  small  intestine 
and  in  the  csecum  which  are  affected. 

The  first  stage  of  the  process  consists  in  a  cellular  infiltration 
of  the  structure.  In  Peyer's  patches,  this  usually  affects  isolated 
follicles  in  the  patch.  The  solitary  glands  and  certain  follicles 
in  the  patches  thus  become  swollen,  and  project  with  undue 
prominence  above  the  surface  of  the  membrane.  The  new  ele- 
ments then  undergo  retrogressive  changes — they  soften,  the 
degeneration  in  the  patches  commencing  at  several  separate 
centres,  and  often  extending  until  the  whole  patch  becomes 
destroyed.  As  the  result  of  these  changes  an  ulcerated  surface 
is  produced,  the  floor  and  edges  of  which  are  more  or  less 
thickened,  owing  to  the  extension  of 
Fig.  92.  the  infiltration  into  the  submucous 

^ggaur-/^,.  ;^  ,^         r-^i""^'  'fy       connective   tissue.      In  the  floor  of 
^^^iMiil^^^liiS^  -  d       this   ulcer,    small    nodules    of    new 
A  tubercular  ulcer  of  the  intes-      growth    are    dcvclopcd,   principally 
tine.    (Diagrammatic.)     a.  Epi-       arouud  the  bloodvcsscls,  and  as  these 

thelial  lining.     6.  Submucous  tis-  -  ,  ,     , 

sue.    c.  Muscular  coat.    d.  Peri-       ^rc  arranged  transversely  around  the 
toneum.  intcstinc,  the  new  growth  proceeds 

in  the  same  direction.  These  nodules 
also  soften  and  become  caseous,  and  thus  the  process  of  ulcera- 
tion gradually  extends  transversely  until  the  whole  circumfer- 
ence of  the  gut  may  be  destroyed.  The  ulcer  thus  produced 
presents  a  strong  contrast  to  that  of  typhoid.  Its  edges  and 
base  are  thickened  and  indurated,  and  the  tuberculous  nodules, 
tending  to  become  caseous,  are  seen  scattered  in  its  floor. 
(Fig.  92.) 

The  tubercular  ulcer  rarely,  if  ever,  heals.  Owing  to  the 
thickening  of  the  tissues  at  its  base,  perforation  is  quite  an  ex- 
ceptional occurrence.  In  the  process  of  its  extension  the  ulcera- 
tion is  attended  by  some  contraction  and  narrowing  of  the  gut. 
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Tuberculosis    of  the   Lungs. 

Tuberculous  processes  occur  in  the  lungs  as  a  part  of  a  gen- 
eral tuberculosis,  and  also  in  pulmonary  phthisis.  The  nature 
of  the  resulting  inflammatory  lesions  is  similar  in  both.  It 
will  be  well,  however,  in  the  present  place,  more  particularly 
to  describe  these  lesions  as  they  occur  in  the  general  infective 
disease.  The  more  limited  processes  which  take  place  in  phthisis 
will  be  again  referred  to  in  a  subsequent  chapter  devoted  to  the 
consideration  of  this  affection.     (See  "Pulmonary  Phthisis.") 

The  pulmonary  lesions  met  with  in  general  tuberculosis  con- 
sist, for  the  most  part,  of  disseminated  nodular  growths,  which 
are  universally  known  as  miliary  tubercles.  These  growths  are 
of  two  kinds — the  gray  and  the  yellow.  The  gray  are  semi- 
transparent  nodules  of  a  grayish-white  color,  varying  in  size 
from  a  small  pin's  head  to  a  hemp-seed.  They  are  somewhat 
spherical  in  shape,  and  usually  possess  a  well-defined  outline. 
Sometimes  they  are  firm  and  almost  cartilaginous  in  consist- 
.ence,  whilst  in  other  cases  they  are  much  softer  and  almost 
gelatinous.  These  softer  forms,  instead  of  being  semi-trans- 
parent, are  more  opaque  and  white.  The  yellow  are,  for  the 
most  part,  larger  than  the  preceding,  many  of  them  much  so, 
some  being  as  large  as  a  pea.  They  are  also  softer  in  consist- 
ence, less  defined  and  regular  in  outline,  and  they  pass  more 
insensibly  into  the  surrounding  tissue.  Many  of  them  possess 
a  grayish-white  translucent  margin,  which  may  be  pretty  firm 
in  consistence,  but  never  so  hard  as  are  many  of  the  gray 
nodules,  whilst  their  central  portions  are  opaque,  yellowish,  or 
caseous. 

Both  the  gray  and  the  yellow  nodules  are  often  found  asso- 
ciated in  the  same  lung;  in  other  cases  the  gray  nodules  only  are 
met  with,  whilst  less  frequently  nearly  all  the  growths  are  of  the 
yellow  variety.  The  condition  of  the  pulmonary  tissue  which 
is  situated  between  the  nodules  varies  considerably.  It  may 
be  perfectly  normal,  more  or  less  congested  and  oedematous,  or 
it  may  present  varying  sized  tracts  of  grayish,  granular,  friable 
consolidation.  A  perfectly  normal  condition  of  the  intervening 
pulmonary  tissue  is  found  in  many  of  those  cases  in  which 
all  the  growths  are  of  the  firm,  gray  variety;  but  when  there 
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are  numerous  yellow  or  soft  gray  nodules,  the  lungs  are  nearly 
always  more  or  less  congested  or  consolidated. 

When  these  nodules  are  examined  microscopically,  they  are 
seen  to  exhibit  two  different  kinds  of  structure,  viz.,  the  lym- 
phoid structure  with  giant-cells,  which  has  been  already  de- 
scribed as  that  which  is  the  most  characteristic  of  tuberculous 
lesions,  and  accumulations  of  epithelial  cells  within  the  pul- 
monary alveoli  (catarrhal  pneumonia).  There  is,  however,  this 
marked  difference  between  the  various  kinds  of  nodules — that 
whereas  the  smaller  firm  gray  ones  are  constituted  almost  en- 
tirely of  the  first-named  structure,  the  larger  soft  gray,  and 
most  of  the  yellow  ones,  consist  largely  of  the  intra-alveolar 
accumulations. 

First,  with  regard  to  the  soft  gray  and  yellow  nodules : 
Most  of  these,  when  examined  with  a  low  magnifying  power, 
present  the  appearance  represented  in  Fig.  93,  the  nodules  evi- 

FiG.  93. 

/^/  :i5?*- 


A  small  soft  gray  tubercle  from  the  lung  in  a  case  of  acute  tuberculosis.  The  whole  of 
the  tubercle  is  shown  in  the  drawing,  and  it  is  obviously  constituted  largely  of  intra- 
alveolar  products.     X  100,  reduced  to  i, 

dently  consisting  largely  of  accumulations  within  the  alveolar 
cavities.  When  more  highly  magnified,  their  constitution  be- 
comes more  apparent.  It  is  then  seen  that  the  alveolar  cavities 
are  filled  with  epithelial  elements  and  small  cells  resembling 
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leucocytes,  whilst  the  alveolar  walls  are  more  or  less  extensively 
infiltrated  and  thickened  with  lymphoid  cells.  (Fig.  94.)  In 
many  cases  the  central  portions  of  the  nodules  will  be  seen  to 
have  undergone  extensive  degenerative  changes,  and  to  consist 
merely  of  a  structureless  granular  debris,  so  that  the  accumula- 
tions within  the  alveoli  and  the  cellular  infiltration  of  the  alveo- 
lar walls  are  visible  only  at  their  periphery.  This  is  always  the 
case  in  the  distinctly  yellow  tubercles.     (Fig.  95.) 

The  histological  characters  of  the  firmer  gray  nodules  diflfer 
somewhat  from  the  preceding.     In  these  the  cellular  infiltration 
and  thickening  of  the  alveolar 
wall  is  much  more  marked,  and  Fig.  94. 

many  of  the  alveolar  cavities 
are  occupied  by  giant-cells, 
these  probably  originating  as 
described  by  Dr.  Klein,  from 
the  alveolar  epithelium.^  (Fig. 
96.)  In  other  cases,  the  alveo- 
lar structure  has  completely  dis- 
appeared,    and     the    tubercle, 

when       examined      with      a      low  ^  portion  of  a  small  gray  tubercle  from 

.  r.   .  the  lunq.     This    is    from  a  ease   of   acute 

magnifying  power,  appears  as  tuberculosis,  probably  m  an.  earlier  stage 
a  little  somewhat  spheroidal  than  that  from  which  Fig.  93  was  drawn, 
mass,    the    cellular    elements    of     ^''^  '^S^re  shows  one  of  the  al^eoli  filled 

with  epithelial  elements  and  a  few  small 

which  are  seen  to  be  grouped  .^i,,^  ^-..^  ,,^,  ,„i„,^,  infiltration  of  the 
around  separate  centres.  (Fig.  alveolar  waii.  x  200. 
97).  When  more  highly  magni- 
fied, these  centres  are  seen  to  correspond  with  the  giant-cells 
already  described,  and  the  small-celled  structure  grouped  around 
them,  as  is  well  shown  in  Fig.  86.  This  is  a  fully  developed 
tubercle  of  the  lung.  The  small-celled  structure  at  the  periph- 
eral portions  of  the  nodules  extends  into  and  produces  a  thick- 
ening of  the  walls  of  the  alveoli  with  which  the  nodule  is  in- 
corporated. (Fig.  98.)  In  the  tubercles  thus  constituted,  ex- 
tensive  retrogressive   changes   rarely  occur.     Degeneration   is 

1  These  large  multinucleated  cells  are  stated  by  Dr.  Klein  (loc.cit.)  to  originate 
either  by  the  fusion  of  the  alveolar  epithelium,  or  by  the  excessive  development 
of  one  epithelial  cell.  Since  the  publication  of  Dr  Klein's  statement,  I  have 
frequently  observed  these  cells  situated  distinctly  in  the  alveolar  cavities,  and  I 
have  little  doubt  they  originate  in  the  way  he  describes. 
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slow  and  very  incomplete,  and  the  nodule  often  becomes  im- 
perfectly fibroid. 

Respecting  the  cause  of  these  differences  in  the  histological 
characters  of  the  miliary  lesions  in  the  lungs,  I  believe  them  to 
depend  upon  differences  in  the  age  of  the  nodules,  and  iu  the 
intensity  of  the  tuberculous  process.^  If  the  intensity  of  the 
process  be  considerable,  the  nodules  will  consist  in  the  main  of 
accumulations  of  epithelium  within  the  pulmonary  alveoli,  and 
the  nodule  will  rapidly  undergo  disintegration.     (See  Fig.  95.) 


Fig.  95. 


Fio.  96. 


A  jyortion  of  a  yellow  tubercle  from  the 
lung  in  a  case  of  acute  tuberculosis.  Show- 
ing the  degeneration  of  the  central  portion  of 
the  nodule  c,  and  the  cellular  thickening  of 
the  alveolar  walls  and  accumulations  within 
the  alveolar  cavities  at  the  periphery  p. 
X  100. 


A  portion  of  the  more  external  part  of  a 
gray  tubercle  from  the  lung  in  a  case  of 
acute  tuberculosis.  Showing  the  exten- 
sive infiltration  and  thickening  of  the 
alveolar  walls  and  the  giant-cells  within 
the  alveolar  cavities.     X  100. 


If  the  process  be  less  intense,  and  the  nodules  attain  a  more 
advanced  age,  degeneration  will  be  less  rapid  and  complete,  the 
cellular  infiltration  and  thickening  of  the  alveolar  walls  will  be 
greater,  and  the  epithelial  elements  may  form  large  multinucle- 
ated cells.  (See  Fig.  96.)  Lastly,  in  the  least  intense  and  most 
chronic  processes,  the  development  of  multinucleated  elements, 

1  Intensity  comprises  two  factors — severity  of  injury  and  susceptibility  of  injured 
tissue.     (See  "  Inflammation.") 
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and  the  formation  of  the  network  of  branched  cells  reaches  its 
maximum  (see  Figs.  86  and  97),  degeneration  takes  place  slowly 
in  the  central  portions  of  the  nodule,  and  there  is  often  consid- 

FiG.  97. 


A  firm  gray  tubercle  from  the  lung  in  a  case  of  acute  tuberculosis.  Showing  the  group- 
ing of  the  elements  around  separate  centres,  the  nodule  consisting  of  several  giant-cell 
systems.     X  33. 

erable  fibroid  induration  of  the  new  tissue.     There  is   thus  a 
close  analogy  between  the  tissue-changes  resulting  from  tuber- 


FiQ.  9! 


A  small  portion  of  the  most  external  part  of  a  firm  gray  tubercle  from  the  lung  in  a  case 
of  acute  tuberculosis.  Showing  the  incorporation  of  the  nodule  with  the  alveolar  wall  a. 
X270. 

culosis  of  the  lungs  and  those  which  result  from  other  chronic 
inflammatory  processes.     (See  "  Chronic  Inflammations.") 
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CHAPTER    XXX. 

THE  INFECTIVE  GRANULOMATA  {continued). 

Lupus   Vulgaris. 

This  disease  is  characterized  by  the  appearance  of  nodules  of 
granulation-tissue  upon  the  skin  (chiefly  of  the  face),  and  much 
more  rarely  upon  the  raucous  membranes  of  the  conjunctiva, 
pharynx,  vulva,  and  vagina.  The  tubercles  are  situate  primarily 
in  the  corium,  and  may  reach  the  size  of  a  pea;  fresh  ones  appear 
at  the  periphery,  whilst  those  in  the  centre  blend  into  a  more  or 
less  diffuse  infiltration.  The  disease  appears  almost  always 
between  the  age  of  two  years  and  puberty,  and  is  especially 
common  in  the  scrofulous. 

Structure. — The  nodules  consist  of  granulation-tissue  contain- 
ing epithelioid  and  often  a  good  many  giaiit-cells.  They  differ 
from  true  tubercles  in  being  rather  richly  vascular.  The  inter- 
cellular substance  is  scanty  and  homogeneous.  It  is  not  uncom- 
mon to  find  that  long  anastomosing  processes  of  epithelium 
have  grown  down  into  the  round-celled  growths,  the  physio- 
logical resistance  of  which  would  seem  to  be  less  than  that  of 
normal  corium. 

Course. — Spread  occurs  by  the  production  of  fresh  nodules 
at  the  margin  of  the  primary  focus.  The  course  is  always  chronic. 
When  the  patch  has  reached  a  certain  size,  it  may  undergo  no 
change  for  a  long  time;  the  nodules  and  infiltration  may  end  in 
degeneration  and  absorption,  a  white  scar  being  left,  or  in  ulcera- 
tion. After  eating  away  the  tissues  to  varying  depths,  some- 
times destroying  large  portions  of  the  nose,  lip,  or  eyelid,  the 
ulcers  may  heal ;  or  healing  may  go  on  at  one  point  and  destruc- 
tion at  another. 

Etiology. — The  mode  of  extension  is  indicative  of  spread  of 
the  cause  by  the  lymphatics.  The  nature  of  this  cause  is  doubt- 
ful. Some  believe  that  lupus  is  a  local  tuberculosis;  the  bacillus 
tuberculosis  has  several  times  been  found  in  the  nodules,  but 
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very  inconstantly.  Tuberculosis  has  been  produced  by  inocula- 
tion of  lupus  tubercles ;  but  much  more  commonly  it  fails.  The 
relation  to  scrofula  must  be  noted.  As  above  stated,  lupus 
nodules  are  vascular,  and  rarely  become  caseous.  Schiiller 
found  micrococci  in  the  epithelioid  cells. 


Glanders  and  Farcy. 

These  are  varieties  of  one  disease,  due  probably  to  difference 
in  the  point  of  entry  of  the  poison.  In  glanders,  the  nasal 
mucous  membrane  and  its  prolongations  are  the  seat  of  the 
earliest  lesions;  in  farcy,  the  skin  and  subcutaneous  tissue. 
Each  form  may  run  a  rapid  or  a  slow  course,  and  it  is  usual  in 
man  for  the  symptoms  of  one  to  supervene  sooner  or  later  upon 
those  of  the  other.  The  diseases  are  common  among  equine 
animals,  especially  horses,  and  are  communicable  from  them  to 
other  animals,  including  man.  This  happens  but  rarely.  It  is 
transferable  from  man  to  man. 

ISTature  of  the  Pathological  Lesion. — This  is  best  seen  in 
the  more  chronic  forms.  It  is  a  circumscribed  nodule  {farcy-hud), 
varying  from  a  just  visible  point  up  to  the  size  of  a  pea  or  bean. 
On  section,  it  is  found  to  consist  of  small  round  cells ;  vasculari- 
zation is  very  imperfect,  if  it  occurs ;  but  the  formation  of  larger 
cell-forms  has  not  been  described.  Degeneration  occurs  early, 
and  more  or  less  acute  suppuration  is  excited.  In  the  substance 
of  an  organ  or  part  an  abscess  forms,  but,  on  a  free  surface,  an 
ulcer,  with  indurated,  sharply  cut  margin,  and  very  foul  base,  is 
the  result.  Such  ulcers  may  heal,  but  their  course  is  generally 
very  chronic.  In  the  more  acute  forms  of  the  disease,  the  poison 
sets  up  ordinary  suppuration  at  spots  where  it  develops.  The 
inflammation  is  not  always  circumscribed,  but  sometimes  pro- 
duces diffuse  infiltrations — as  of  muscles,  subcutaneous  tissue, 
and  connective  tissue  of  orbit — which  go  on  to  suppuration  at 
many  points  or  generally.  The  farcy-buds  and  diffuse  inflam- 
mations, in  the  various  stages  of  degeneration,  suppuration,  and 
ulceration  mentioned  above,  and  in  various  seats,  constitute  the 
morbid  anatomy  of  the  disease. 

19 
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Mode  of  Entry  of  the  Poison. — A  wound  is  a  common  portal ; 
mucous  membranes,  especially  the  conjunctival  and  nasal,  are 
other  seats  of  infection.  In  many  cases  there  is  no  evidence  to 
show  how  the  poison  entered. 

Course. — In  acute  glanders,  after  a  variable  period  of  incuba- 
tion, inflammatory  nodules  appear  in  the  mucous  membrane  of 
the  nose,  frontal  sinuses,  etc.,  and  run  on  more  or  less  rapidly 
to  suppuration  and  ulceration.  The  submaxillary  and  cervical 
glands  swell  from  infection  through  the  lymphatics.  The  fever 
and  the  muco-purulent,  often  bloody,  discharge  from  the  nostrils 
are  thus  explained.  The  poison  now  enters  the  blood  and  is 
carried  to  distant  parts,  giving  rise  to  metastatic  inflammations 
in  internal  organs,  especially  the  lungs,  and  in  the  skin,  and  the 
mucous  membranes  of  the  respiratory  and  alimentary  tracts. 
Abscesses  in  the  subcutaneous  and  intermuscular  tissue  are 
common,  and  suppuration  in  joints  occurs.  In  fact,  the  disease 
resembles  pysemia  in  many  respects,  being  like  it  due  to  the 
dissemination  by  the  blood  of  a  poison  capable  of  exciting  sup- 
puration. The  abscesses  in  organs  are  generally  small,  but  may 
reach  a  large  size.  The  respiratory  and  alimentary  mucous 
membranes  are  perhaps  directly  infected  from  the  nose.  On 
the  skin,  red  papules  and  larger  patches  of  inflammation  appear, 
on  which  vesicles,  and  then  pustules,  often  with  hemorrhagic 
contents,  quickly  develop — constituting  the  rash  of  the  disease. 
The  earliest  stage  is  a  collection  of  round  cells  in  the  superficial 
part  of  a  papilla ;  a  little  later,  and  the  rete  is  raised  in  the  roof 
of  the  pustule.  Throughout  the  disease  the  fever  is  high,  symp- 
toms of  prostration  appear  early,  and  death  occurs  with  all  the 
signs  of  septic  poisoning. 

In  chronic  farcy  large  "  buds  "  appear  in  the  subcutaneous, 
submucous,  and  intermuscular  tissue.  The  former  break  down 
slowly  and  form  foul  ulcers,  the  lymphatics  become  much 
swollen,  hard,  and  knotted;  the  glands  are  greatly  enlarged. 
The  general  symptoms  are  much  milder.  This  form  often  ends 
in  recovery.  The  symptoms  of  glanders  frequently  supervene 
before  death. 

Etiology. — Schlilz  and  Loffler*  found  in  the  pus  of  abscesses 
in  glanders,  slender  rods,  like,  but  smaller  than  B.  tuberculosis. 

'  Mittheilungen  aiis  d.  Kaiserl.  Gesundheitsamte,  Berlin,  vol.  ii. 
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Cultivated  in  the  serum  of  horses'  blood  they  formed  colonies, 
maintaining  their  initial  form.  After  repeated  cultivation,  to 
insure  purity  from  the  original  pus,  different  animals  were 
inoculated.  The  result  varied  with  their  susceptibility.  In  all, 
an  indurated  ulcer  appeared  at  the  site  of  inoculation;  and  cordy 
lymphatics  ran  thence  to  swollen  glands.  In  some,  metastatic 
abscesses  formed  in  internal  organs;  others  died  early,  with 
symptoms  of  septic  poisoning.  In  all,  the  above  bacillus  was 
found.  Two  horses  were  inoculated  from  a  fourth  cultivation; 
all  the  symptoms  of  glanders  set  in,  after  some  days'  incuba- 
tion, and  the  older  horse  died  in  fourteen  days.  The  other  was 
killed  next  day,  being  extremely  weak.  The  post-mortem  signs 
were  the  same  in  both,  viz.,  a  sore  the  size  of  a  shilling  at  the 
site  of  inoculation;  lymphatics  leading  thence  to  glands,  hard 
and  swollen;  abscesses  in  the  lungs,  from  the  size  of  a  pea  down- 
ward, with  red  borders;  the  nasal  mucosa  studded  with  farcy 
buds  and  ulcers.  By  this  one  series  of  experiments,  it  would 
seem  that  this  bacillus  has  been  proved  to  be  the  cause  of 
glanders  and  farcy. 


Leprosy. 


This  disease  is  endemic  in  many  parts  of  the  world,  especially 
in  the  East  and  West  Indies,  China,  South  America,  and  Equa- 
torial and  Southern  Africa.  Formerly  it  was  widely  spread 
over  Europe,  and  still  lingers  at  many  spots,  particularly  in 
Norway  and  Sweden. 

Nature  of  the  Pathological  Lesions. — There  are  two  chief 
varieties  of  this  disease — tubercular  and  ancesthetic.  In  the  former 
the  lesions  affect  chiefly  the  skin,  in  the  latter  the  nerves. 

In  tubercular  leprosy,  patches  of  hyperaemia  are  followed  by 
thickening  of  the  skin  and  the  formation  of  nodules,  which 
may  reach  the  size  of  walnuts.  They  are  almost  always  situate 
on  parts  exposed  to  the  air — face,  hands,  and  feet — and  appear 
sometimes  singly,  sometimes  in  groups.  They  may  come  out 
in  distinct  eruptions,  separated  by  long  intervals  of  time.  At 
first  firm  and  red  or  brownish,  they  become  soft  and  paler,  but 
do  not,  as  a  rule,  ulcerate  for  long  periods,  unless  injured. 
When  ulcers  do  form,  they  cause  great  destruction  of  features. 
Healing  may  occur.     The  tubercles  may  affect  other  parts  of 
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the  •  body,  especially  the  extensor  aspects  of  limbs,  and  the 
mucous  membranes  of  the  eye,  nose,  mouth,  and  larynx. 

In  ancesihetic  leprosy,  nodules,  or,  more  often,  diffuse  cylin- 
drical or  fusiform  swellings,  form  upon  nerves,  especially  the 
ulnar  and  external  popliteal,  surrounding  long  portions  of  them, 
affecting  primarily  the  cutaneous  and  later  the  muscular 
branches.  The  skin  supplied  is  often  painful  and  hypereesthetic 
at  first,  and  then  becomes  anaesthetic,  pale,  and  wastes,  together 
with  the  paralyzed  muscles.  Ulcers  form  sooner  or  later  upon 
the  anaesthetic  parts,  leading  to  extensive  destruction  and  drop- 
ping off  of  fingers,  toes,  and  larger  portions  of  limbs. 

The  two  forms  may  run  their  course  separately,  but  often 
occur  together.  The  anaesthetic  variety  occurs  chiefly  in  hot 
climates.  In  each  form  the  glands  receiving  lymph  from  the 
diseased  parts  enlarge,  first  the  superficial  ones,  then  the  deeper. 
Infiltration  of  viscera — especially  the  liver,  spleen,  and  testes — 
may  occur.  To  the  naked  eye,  the  new  growths  have  the 
grayish  or  yellowish,  semi-transparent,  uniform  appearance 
common  to  so  many  cellular  structures.  Microscopically,  they 
consist  of  a  granulation-tissue:  it  is  made  up  of  small  round 
cells,  like  leucocytes,  and  some  very  large  ones— lepra-cells — of 
which  some  are  spindle  or  branched.  A  few  vessels  lie  among 
them.     The  appearances  are  well  shown  in  the  accompanying 

Fig.  99. 


Tubercular  leprosy.  Section  through  skin,  n  Showing  infiltration  with  leprosy  bacilli. 
X  6.  6.  shows  individual  bacilli  in  the  cells.  X  300.  c.  Individual  bacilli  showing 
spores.      X  800. 

drawing,  made  from  a  specimen  kindly  lent  by  Dr.  Thin  (Fig. 
99).  As  above  stated,  the  tendency  to  degenerate  is  much  less 
marked  than  in  most  allied  growths. 

Etiology. — From  time  immemorial  leprosy  has  been  looked 
upon  as  a  contagious  disease,  and  lepers  have  been  rigorously 
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expelled  from  social  communities.  A  very  superticial  examina- 
tion throws  doubt  upon  this;  for  many  lepers  live  in  the  closest 
relations  with  healthy  people  without  communicating  the  dis- 
ease. Many  have,  however,  maintained  that  the  disease  is  com- 
municable under  certain  conditions  (among  which  susceptibility, 
perhaps,  ranks  high)  which  are  rarely  realized.  Hillis^  has 
brought  forward  evidence  in  favor  of  this  vifew. 

According  to  modern  views,  endemicity  at  once  excites  suspi- 
cion that  a  disease  is  infective.  Organisms  have  therefore  been 
searched  for  in  leprosy.  Neisser^  and  Hansen^  separately  de- 
scribed a  bacillus  as  specific  to  leprosy.  It  is  found  constantly 
in  all  young  primary  lesions  (not  in  those  secondary  to  anees- 
thesia),  chiefly  in  the  lepra-cells  (Fig.  99,  b),  but  also  in  others, 
rarely  between  cells.  In  old  lesions  they  become  granular  from 
spore-formation.  They  show  an  active  to-and-fro  movement  in 
fresh  juices,  and  when  cultivated  grow  into  long,  jointed  fila- 
ments (Hansen).  Thin*  has  shown  that,  as  regards  size,  beaded 
appearance,  and  staining,  B.  leprae  (Fig.  99,  c)  is  exactly  like  B. 
tuberculosis.  The  organism  is  the  same,  no  matter  where  the 
disease  may  have  been  contracted.  Thin  found  bacilli  in  enor- 
mous numbers  in  the  lesions  he  examined,  and  gave  reasons  for 
believing  that  spread  may  occur  by  both  lymph-  and  bloodves- 
sels ;  but  the  fungi  have  not  been  found  free  in  the  blood  of 
patients.  ]^eisser  produced  tubercles  in  dogs  and  rabbits  by 
inoculation  from  leprosy  lesions;  Hansen  failed  with  rabbits, 
and  Kobner  with  an  ape.  The  bacilli  multiply  in  the  anterior 
chamber  of  rabbits,  but  produce  no  tubercles. 


Actinomycosis. 


The  exact  nature  of  the  parasite  found  in  actinomycosis  or 
ray-fungus,  and  its  botanical  position,  are  not  determined.  It 
is  believed  by  many  to  be  the  conidia-for'm  of  perhaps  some 
known  species. 

Sarcoma-like  tumors  occurring  chiefly  in  the  lower  jaws  of 

'  Leprosy  in  British  Guiana. 
2  Bresl.  arztl.  Zeitschr.,  Nos.  20,  21,  1879. 
'  Yircho7/'s  Archiv,  vol.  xxix.  p.  31. 
*  Trans.  Med.-Chir.  Soc,  1883. 
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C0W8  were  shown  by  Bollinger  in  1877  to  contain  constantly 
elements  of  a  fungus — the  actinomyces — and  he  found  the  same 
fungus  in  nodular  masses  in  the  tongues  of  cows  (woody  tongue), 
in  the  swollen  glands  beneath  the  jaw,  and  in  the  upper  part  of 
the  neck,  in  polypoid  and  submucous  tumors  of  the  larynx,  and 
throughout  the  alimentary  tract.  They  have  since  been  demon- 
strated in  tumors  of  pigs'  jaws  and  udders;  and  in  tubercle-like 
nodules  in  the  lungs  of  calves.  On  section,  these  nodules  have 
a  spongy,  open  appearance,  and  a  puriform  or  cheesy  fluid  can 
be  squeezed  from  them.  Besides  fatty  cells,  this  contains  many 
pale  yellow  granules,  as  large  as  millet-seeds.  These,  when 
gently  squeezed  and  cleared  up  by  potash,  are  seen  to  consist  of 
filaments  radiating  from  a  common  centre,  and  bearing  at  their 
free  ends  club-shaped  swellings,  often  branched.  The  nodules 
and  tumors  consist  largely  of  granulation-tissue,  intersected  here 
and  there  by  bands  of  fibrous  tissue.  In  the  older  specimens 
there  are  found,  round  each  fungus-collection,  giant-cells,  and 
outside  these  epithelioid  and  then  granulation-cells — all  signs  of 
a  chronic  inflammation. 

In  1878  Israel  described  a  case  of  multiple  superficial  abscesses, 
and  one  large  intrathoracic  abscess  opening  by  fistulse  on  the 
surface.  The  pus  from  all  contained  parasites  which  corre- 
sponded to  the  above  description.  The  disease  had  begun  six 
months  before  with  fever  and  joint-pains.  Three  weeks  after 
admission  the  woman  died :  there  was  a  great  abscess  in  the 
left  lung,  and  countless  abscesses  in  the  liver,  spleen,  intestine, 
and  kidneys,  most  of  them  very  small,  but  some  the  size  of  an 
apple.  All  contained  the  fungi,  and  in  the  glomeruli  of  the 
kidney  were  found  fungi  which  had  not  yet  excited  inflamma- 
tion. The  point  of  entry  of  this  fungus  was  not  evident,  but  in 
pus  from  a  tooth-socket  in  another  case  Israel  found  the  same 
organism. 

Some  eighteen  or  twenty  cases  have  now  been  described,  and 
in  several  the  disease  began  distinctly  in  the  lower  jaw,  from  a 
carious  tooth,  or  after  its  extraction ;  in  others  the  point  of 
entiy  was  obscure.  All  the  cases  were  very  chronic,  and  in 
many  the  disease  spread  only  locally,  burrowing  in  all  direc- 
tions, and  for  long  distances  from  its  starting-point.  In  others, 
as  in  the  above  case,  evidence  of  embolism  was  unmistakable. 
Secondary  deposits  have  been  found  in  all  organs,  and  Pontick 
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has  seen  a  granulation-tumor  growing  into  the  jugular,  and  in 
the  same  case  there  were  growths  in  the  right  auricle  and 
ventricle. 

In  man  the  fungus  often  spreads  from  the  region  of  the  jaw  to 
the  front  of  the  cervical  spine,  producing  a  pre-vertebral  abscess, 
or  it  excites  inflammation  in  the  region  of  the  thoracic  or  lumbar 
spine,  causing  caries  of  the  bones  and  widespread  fistula-forma- 
tion. As  a  rule  the  growths  break  down,  but  tumors  like  those 
in  animals  may  be  found. 


CHAPTER   XXXI. 


-The  lesions  occurring  in  the  course  of  constitutional  syphilis 
also  belong  to  the  class  of  Infective  Granulomata.  They  are 
inflammatory  in  their  nature,  but  in  their  seats,  distribution, 
sequence,  and  histological  characters,  many  of  them  present 
certain  peculiarities  which  make  them  quite  characteristic  of 
this  disease.  The  primary  syphilitic  lesion  (usually  the  indu- 
rated chancre),  the  secondary  lymphatic  gland  enlargement,  and 
the  subsequent  series  of  changes  in  the  skin,  mucous  membranes, 
and,  later,  in  the  nervous  system,  bones,  and  internal  organs, 
are  all  of  them  the  results  of  inflammatory  processes,  induced 
by  the  syphilitic  poison. 

Early  Lesions. — Many  of  these  are,  anatomically,  indistin- 
guishable from  simple  inflammations  of  the  same  parts.  The 
rashes,  for  example,  are  due  to  inflammatory  hypersemia  with 
more  or  less  infiltration  of  the  superficial  layer  of  the  skin,  en- 
largement of  the  papillae,  and,  often,  excessive  epithelial  multipli- 
cation. As  a  rule,  these  inflammations  end  naturally  in  resolution; 
but  in  tissues  of  feeble  resisting  power  they  may  ulcerate.  The 
early  periostitis  (nodes),  again,  is  indistinguishable  from  a  trau- 
matic inflammation,  and  the  syphilitic  iritis  is  diagnosticated 
from  the  rheumatic  only  by  concomitant  circumstances. 
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Later  Lesions. — Equally  characteristic,  clinically,  with  the 
above  are  the  diffuse  subacute  and  chronic  inflammations  of 
organs  and  parts  which  end  in  fibroid  induration.  But,  anatomi- 
cally, these  are  ordinary  productive  inflammations.  Granulation- 
tissue  forms  more  or  less  irregularly  throughout  the  organ.  At 
the  same  time,  if  the  process  is  subacute,  degeneration  and  dis- 
appearance of  some  of  the  more  or  less  widely  separated  elements 
of  the  part  occur.  Scar-tissue  forms  from  the  granulation-tissue, 
and,  as  it  contracts,  many  more  of  the  proper  cells  of  the  part 
atrophy  and  disappear.  The  appearance  of  the  intiltration  varies 
in  different  cases  and  in  different  parts  of  the  same  organ — con- 
sisting now  almost  wholly  of  cells  with  little  intercellular  sub- 
stance, or,  again,  of  more  or  fewer  cells  in  a  markedly  flbroid 
matrix,  or,  finally,  of  dense  fibrous  tissue.  The  infiltration  may 
be  general,  but  much  more  commonly  comparatively  healthy 
portions  of  the  organ  are  found  between  the  fibroid  indurations. 
It  is  the  irregular  distribution  of  these  lesions  which  makes 
them  so  characteristic  of  syphilis. 

The  capsules  of  organs  are  irregularly  thickened  ;  and  peri- 
toneal coverings  are  sure  to  be  involved,  producing  more  or  less 
general  adhesion  to  surrounding  parts,  as  is  seen  in  syphilitic 
hepatitis,  splenitis,  or  orchitis.  In  the  latter  case,  the  coinci- 
dence of  hydrocele  proves  during  life  the  afl'ection  of  the  tunica 
vaginalis.  The  irregular  thickening  of  the  capsule  is  the  most 
marked  feature. 

As  the  fibrous  tissue  contracts,  the  organ  shrinks  as  a  whole, 
and  often  becomes  of  stony  hardness ;  but  the  irregular  distribu- 
tion of  the  exudation,  above  noted,  often  causes  unequal  con- 
traction and  puckering  of  the  surface,  amounting  in  some  cases 
to  the  formation  of  deep  fissures,  dividing  the  organ  into  lobes. 
In  these  cases  the  diffuse  growth  has  probably  been  combined 
with  the  syphilitic  tumor  or  gumma  (to  be  next  described),  as 
not  uncommonly  happens. 

Naked-eye  examination  of  a  part — e.g.,  testis,  which  has  under- 
gone these  changes — shows  adhesions  between  the  layers  of  the 
tunica  vaginalis,  which  contains  fluid  where  not  adherent ; 
marked  thickening  of  the  tunica  albuginea,  and,  extending  from 
it  into  the  organ  toward  the  mediastinum,  dense  bands  of 
fibrous  tissue ;  the  natural  reddish-brown  color  of  the  tubules  is 
replaced  by  a  much  paler  whitish-yellow  tint,  in  which  islands 
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of  normal  tissue  may  remain.  The  consistence  of  the  gland  is 
greatly  increased.     One  or  two  gummata  may  also  be  present. 

In  relation  with  bone,  exudations  of  this  kind  often  ossify. 
Under  the  periosteum,  they  cause  thickening  of  the  bone.  In 
the  Haversian  canals  and  cancellous  spaces,  increased  density  of 
it  (see  "  Condensing  Ostitis"). 

These  cell-exudations  do  not  always  go  on  to  fibroid  indura- 
tion ;  they  may  resolve,  and  generally  do  so  with  marvellous 
rapidity,  under  the  influence  of  iodide  of  potassium  when  they 
are  at  all  recent.  Probably  the  inflammatory  products  undergo 
fatty  degeneration  previous  to  absorption. 

Localized  scars  often  causing  much  puckering  of  the  surface 
of  organs,  and  sending  fibrous  rays  far  into  the  surrounding 
tissue  may  be  found,  and  are  usually  the  remnants  of  precedent 
gummata. 

Gummata,  Syphilitic  Tumors,  Syphilomata.— Anatomically 
these  are  the  characteristic  lesions  of  syphilis ;  they  are  frequently 
associated  with  the  fibroid  lesions.  As  usually  met  with  they 
are  moderately  firm  yellowish-white  nodules,  having  often,  on 
section,  somewhat  the  appearance  of  the  cut  surface  of  a  horse- 
chestnut.  They  vary  in  size  from  a  hemp-seed  to  a  walnut,  and 
are  surrounded  by  a  zone  of  translucent  fibrous-looking  tissue, 
which  sometimes  has  the  appearance  of  a  capsule,  and  which  is 
so  intimately  associated  with  the  surrounding  structures  that 
enucleation  of  the  mass  is  impossible.  The  outline  of  the 
growth  is  generally  irregular  from  processes  radiating  from  it 
along  the  natural  septa  of  the  organ,  and  examination  always 
shows  that  spread  occurs  by  infiltration.  In  the  earlier  stages 
of  their  development,  when  they  less  commonly  come  under 
observation,  they  are  much  softer  in  consistence,  more  vascular, 
and  of  a  reddish-white  color;  whilst  in  their  more  advanced 
stages,  owing  to  extensive  retrogressive  changes,  they  may  be 
distinctly  caseous. 

Examined  microscopically,  gummata,  as  usually  found,  show 
marked  structural  differences  between  the  central  and  external 
portions  of  the  growth.  The  central  portions  are  composed  of 
closely  packed  shrunken  cells  and  nuclei,  fat-granules,  and 
cholesterin,  amongst  which  is  generally  a  little  fibrillated  tissue. 
(Fig.  100,  a.)  Surrounding  this  and  directly  continuous  with  it 
is  a  zone  of  cells  in  a  distinctly  fibrillated  matrix,  whilst   the 
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peripheral  portion  of  the  growth  is  a  richly  cellular  and  vascular 
tissue.  (Fig.  100,  h,  and  Fig.  101.)  This  peripheral  layer,  which 
is  in  direct  histological  continuity  with  the  surrounding  struct- 
ures, consists  of  small  cells,  many  of  which  resemble  white 
blood-corpuscles,  whilst  others  are  larger  and  like  the  formative 
cells  of  granulation-tissue ;  giant-cells  also  are  found,  but  less 
commonly  than  in  tubercle.  These  cells  are  separated  b}'  a 
scanty  homogeneous,  intercellular  material  and  numerous  new 
bloodvessels.     The  three  zones  already  described,  which  are  to 


Fig.  100. 


Fig.  101. 


Gummy  growth  from  liver,  a.  Central 
portions  of  growth  consisting  of  granu- 
lar debris,  b.  Peripheral  granulation-tis- 
sue, r.  A  bloodvessel.  X  100.  (Cornil 
and  Ranvier.) 


The  peripheral  portion  of  a  gummy  growth 
in  the  kidney.  Showing  the  small-celled 
granulation  growth  in  the  intertubular  tissue. 
X  200. 


be  distinguished  more  or  less  clearly  in  most  fully  developed 
gummy  nodules,  correspond  with  three  different  stages  in  their 
growth.  Caseation  may  follow  very  closely  on  the  spreading 
edge  and  render  the  two  outer  zones  very  narrow ;  although  to 
the  naked  eye  the  caseous  patch  may  seem  defined,  the  micro- 
scope shows  that  each  one  of  these  zones  passes  gradually  into 
the  next.  The  most  external  zone,  consisting  of  the  vascular 
granulation-tissue,  represents  the  earlier  stage  of  development, 
and  by  the  continuous  formation  of  this  tissue  the  growth  may 
steadily  increase.  The  intermediate  more  fibrous  zone  repre- 
sents the  second  stage  in  the  process — the  development  of  the 
granulation-tissue  into  a  more  or  less  completely  fibrillated 
structure.  The  character  of  this  fibrillated  tissue  varies  in  dif- 
ferent growths.  In  some  the  fibrillation  is  very  distinct;  in 
others,  the  tissue  is  dense  and  cicatricial  in  character;  whilst, 
less  frequently,  it  consists  of  a  reticulated  structure  within  the 
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meshes  of  which  are  grouped  round  small  cells.  The  central 
zone,  consisting  of  the  amorphous  granular  material,  represents 
the  oldest  portion  of  the  growth — that  which  has  undergone 
retrogressive  changes.  The  bloodvessels  in  the  centre  of  the 
gumma  undergo  certain  changes  about  to  be  described,  by 
which  they  become  obliterated.  The  parts  are  thus  deprived 
of  blood,  and  hence  degenerate.  This  takes  place  very  early. 
When  the  tumor  is  large,  it  may  sometimes  be  seen  to  be  made 
up  of  several  distinct  smaller  growths,  each  presenting  at  its 
circumference  the  more  perfect  cells,  whilst  its  central  parts 
are  granular  and  amorphous. 

In  early  stages,  before  they  have  produced  marked  destruc- 
tion of  tissue,  gummata  may  be  absorbed.  Later,  their  central 
fatty  portions  are  frequently  absorbed,  leaving  a  radiating 
puckered  scar  (p.  296) ;  calcification  is  rare.  Not  uncommonly, 
under  conditions  which  are  not  understood,  gummata  soften 
and  excite  suppuration  around  them ;  the  abscess  bursts,  and 
a  yellow  slough  is  exposed.  This  has  a  very  characteristic 
appearance,  like  "  wet  wash-leather."  Slow^ly  it  is  thrown  oflt", 
and  a  larger  or  smaller  cavity  is  left,  with  ragged,  soft  margins. 
All  this  is  often  and  well  seen  in  the  tongue.  Gummata  of  the 
skin  and  mucous  membranes  are  by  far  the  most  prone  to  take 
this  course.  These  ulcerations  must  be  distinguished  from  the 
superficial  ulcerations  connected  with  the  early  rashes. 

Gummata  are  met  with  in  the  skin  and  subcutaneous  cellular 
tissue ;  in  the  submucous  tissue,  especially  of  the  pharynx,  soft 
palate,  tongue,  and  larynx;  in  muscle,  fasciee,  bone;  and  in  the 
connective  tissue  of  organs — especially  of  the  liver,  brain,  testicle, 
and  kidney.  They  occur  also,  but  much  less  frequently,  in  the 
lungs;  as  do  also  simple  localized  fibroid  indurations.  They 
are  generally  late,  so-called  tertiary,  manifestations;  but  they 
may  occur  at  quite  an  early  stage.  No  hard  line  can  be  drawn 
clinically  between  the  secondary  and  tertiary  stages,  and  none 
can  be  drawn  pathologically  between  the  products  of  these 
stages.  All  are  inflammatory,  some  circumscribed,  some  dif- 
fuse. Even  the  hard  chancre  has  the  structure  of  the  first  stage 
of  a  gumma — leucocytes,  formative  and  giant  cells  in  a  fibrillar 
matrix. 

Changes  in  Yessels. — Certain  changes  in  the  cerebral  arteries 
have  been  described  by  Heubner  as  characteristic  of  syphilis. 
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These  changes  have  been  brought  prominently  before  English 
pathologists  by  Drs.  Greenfield,  Barlow,  and  others.^ 

In   the  cerebral   arteries   the  changes   produce   opacity  and 
marked  thickening  of  the  vessels,  with  considerable  diminution 


Fig.  102. 


'f^'-'-r 


Syphilitic  Disease  of  Cerebral  Arteries. 

A.  Segment  of  middle  cerebral  artery,  transverse  section — i.  thickened  inner  coat;  e. 
endothelium  ;  /.  membrana  fenestrata  ;  m.  muscular  coat ;  a.  adventitia.   X  200,  reduced  \. 

B.  Small  artery  of  pia  mater,  transverse  section.  Showing  thickened  inner  coat,  dimin- 
ished lumen  of  vessel,  and  considerable  infiltration  of  adventitia.  The  cavity  of  the  vessel 
is  occupied  by  a  clot  (?  thrombus).     X  100,  reduced  i. 

in  its  calibre.  It  is  this  diminution  of  the  lumen  of  the  vessel 
which  is  especially  characteristic.  The  smaller  vessels,  arteries 
and  veins,  are  chiefly  affected,  and  their  lumina  may  be  quite 
obliterated. 

When  transverse  sections  of  the  vessels  are  examined  micro- 
scopically, the  principal  change  is  seen  to  be  situated  in  the  inner 
coat.  It  is  well  shown  in  the  accompanying  drawings  made  from 
specimens  kindly  lent  to  me  by  Dr.  Barlow.  (Fig.  102.)  This  coat 
is  considerably  thickened  by  a  cellular  growth.  The  growth 
which  is  limited  internally  by  the  endothelium  of  the  vessel 
(Fig.  102  A,  e),  and  externally  by  the  membrana  fenestrata  (Fig. 
102  A,/),  closely  resembles  ordinary  granulation-tissue,  consist- 


'  Trans.  Path.  Sue.  Lond.,  vol.  xxvii 


•Visceral  Syphilis." 


KTIOLOGY.  801 

ing  of  numerous  small  round  and  spindle-shaped  cells.  This 
tissue  appears  gradually  to  undergo  partial  development  into  an 
imperfectly  fibrillated  structure. 

In  addition  to  this  change  in  the  intima,  the  outer  coat  is  ab- 
normally vascular  and  infiltrated  with  small  cells  (Fig.  102  a,  a), 
and  this  cellular  infiltration  usually  invades  also  the  muscular 
layer  (Fig.  102,  a,  m).  The  marked  diminution  of  the  lumen 
of  the  vessel  (Fig.  102,  b),  and  the  consequent  interference  with 
the  circulation,  coupled  with  change  in  the  endothelium,  fre- 
quently leads  to  coagulation  of  the  blood  (thrombosis)  and  cere- 
bral softening. 

Dr.  Greenfield's  observations  tend  to  show  that  similar  changes 
occur  in  vessels  of  other  parts,  and  that  they  account  for  the  de- 
generation of  syphilitic  gummata.  Aneurism  in  adults  under 
forty  is  often  connected  with  a  syphilitic  history. 

Etiology. — Strong  as  is  the  clinical  evidence  of  the  irifective 
nature  of  syphilis,  nothing  positive  is  known  of  its  cause.  The 
observations  on  this  subject  are  few. 

Klebs  described  mobile  granules  and  short  rods  in  non-ul- 
cerated primary  sores.  He  inoculated  apes  with  portions  of 
syphilitic  tissue,  and  produced  a  disease  closely  resembling 
syphilis.  A  cultivation  of  the  blood  of  such  an  ape  on  gelatine 
yielded  brownish  masses  of  short  rods,  as  does  also  the  primary 
lesion  in  man.^  Aufrecht  found  diplococci  staining  with  fuchsin 
in  the  juice  of  flat  condylomata.^  Birch-Hirschfeld  found  di- 
plococci, which  are  easily  taken  for  short  rods,  not  only  in  the 
papillary  bodies  and  epidermic  cells  of  flat  condylomata,  but  also 
in  gummata  of  different  organs,  but  only  in  still-growing  speci- 
mens, and  especially  at  the  edge  of  the  chees}'  part.  Bergmann 
found  organisms  resembling  those  described  by  Klebs  constantly 
present  in  the  lymphatics  of  Hunterian  chancres.^  Martineau 
and  Hamonie  cultivated  in  meat  broth  similar  organisms  from 
the  discharge  of  syphilitic  ulcers;  the  cocci  grew  into  larger 
chains,  and,  the  authors  say,  gave  syphilis  to  a  young  pig.* 

The  poison  exists  in  the  primary  sore,  in  mucous  tubercles, 
and  all  secondary  sores,  and  in  the  blood  during  the  eruptive 
period.     It  is  doubtful  whether  it  is  present  in  pure  lymph,  such 

i  Arch.  f.  Exp.  Path.,  x.  3,  4.  2  Cent.  f.  med.  Wiss.,  p.  228,  1881. 

3  The  Fundus  of  Syphilis, 

*  Birch-Hirschfeld,  Lehrbuch  d.  Path.  Anat.,  p.  187,  2d  edit. 
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as  may  be  obtained  from  a  vaccine-vesicle.  It  is  not  present  in 
normal  secretions,  as  saliva,  mucus,  semen.  The  discharge  from 
tertiary  or  gummatous  ulcers  is  not  infective,  but  this  would  by 
no  means  disprove  Birch-Hirschfeld's  observations  on  gummata. 

Syphilitic  Disease  of  the  Liver. 

The  liver  is  one  of  the  most  frequent  seats  of  syphilitic  lesion. 
The  most  common  change  is  the  development  of  fibroid  and 
gummy  growths  in  the  substance  of  the  organ.  In  the  spreading 
stage  the  margins  of  gummata  are  ill-defined,  round  cells  infil- 
trating the  surrounding  liver-tissue.  The  growths — which  arc 
usually  connected  with  fibroid  thickenings  of  the  capsule — some- 
times consist  simply  of  a  dense  fibroid  structure.  More  com- 
monly, however,  gummy  masses  are  found  embedded  in  the 
fibroid  growth.  In  the  former  case  it  is  possible  that  the  gummy 
mass  may  have  become  absorbed,  leaving  merely  its  fibroid 
cicatrix. 

The  development  of  these  growths  produces  very  marked 
alterations  in  the  form  of  the  liver.  Scar-like  depressions  are 
seen  on  its  surface,  and  the  organ  is  irregularly  and  often  very 
deeply  puckered. 

A  more  general  fibroid  change,  not  associated  with  the  for- 
mation of  gummy  masses,  is  occasionally  met  with  in  the  liver 
in  inherited  syphilis.  This  change  closely  resembles  ordinary 
cirrhosis,  although  the  intercellular  network  of  the  liver  is 
usually  more  extensively  involved. 

Lastly,  it  must  be  mentioned  that  the  liver  in  syphilis  is  fre- 
quently lardaceous. 


It  is  unnecessary  to  describe  particularly  syphilitic  lesions  in 
other  organs,  as  they  all  present  the  same  general  characters — 
viz.,  scars,  fibroid  indurations,  and  gummy  growths,  singly  or 
combined. 
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The  constitutional  condition  known  as  Scrofula  is  character- 
ized by  a  liability  of  certain  tissues  to  become  the  seat  of  chronic 
inflammations,  the  causes  of  such  inflammations  being  very 
slight  and  sometimes  wholly  hypothetical.  It  is  generally  be- 
lieved that  these  tissues  either  possess  congenitally,  or  acquire 
as  a  result  of  abnormal  conditions  of  life,  an  enfeebled  resisting 
power  against  injury.  Virchow  says  their  vulnerability  is  exces- 
sive. Consequently,  the  above  slight  or  undiscoverable  causes, 
injuries  which  would  have  no  effect  or  only  the  most  passing 
upon  a  healthy  subject,  produce  inflammation  in  the  scrofulous. 
In  this  way  it  is  sought  to  account  for  the  abnormal  susceptibility 
to  inflammation. 

The  explanation  given  of  the  abnormal  chronicity  of  the  pro- 
cesses is  very  similar.  We  know  that  chronic  inflammation 
implies  the  prolonged  or  frequent  action  of  a  cause.  It  is  almost 
impossible  to  put  an  inflamed  part  under  such  conditions  that 
no  cause  of  inflammation,  as  friction,  pressure,  tensionj  etc., 
can  affect  it.  These  are  not  sufficient  to  keep  up  an  inflamma- 
tion in  a  healthy  person,  but  in  the  vulnerable  tissues  of  the 
scrofulous  they  are  supposed  to  be  able  to  do  so ;  and  doubtless 
they  aid  in  rendering  the  process  chronic. 

This  susceptibility,  although  more  or  less  general,  is  com- 
monly most  marked  in  the  mucous  membranes  and  in  the  lym- 
phatic glands,  especially  in  those  glands  which  stand  in  direct 
relation  with  the  fauces,  tonsils,  and  pharynx  (cervical);  with  the 
lungs  (bronchial);  and  with  the  intestine  (mesenteric).  It  is  to 
these,  it  may  be  remarked,  that  organisms  are  most  likely  to 
obtain  access.  The  skin  (eczema  impetiginodes),  bones,  and 
joints  (caries,  caries  necrotica,  and  chronic  arthritis)  are  also 
liable  to  be  affected.  The  part  which  suffers  varies  in  different 
cases,  and  injury  is  often  the  determining  cause. 

With  regard  to  the  tissue-changes   occurring  in  scrofulous 
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inflammation — it  must  be  remembered  that  when  inflammation 
occurs  in  a  healthy  individual,  if  it  does  not  cause  the  death  of 
the  part  the  inflammatory  products  either  become  absorbed,  or 
the  process  leads  to  suppuration,  or  to  the  formation  of  a  vascu- 
larized connective  tissue.  In  scrofulous  inflammation  the  ab- 
sorption of  the  inflammatory  products  is  very  much  less  readily 
eflfected ;  they  tend  to  infiltrate  and  accumulate  in  the  tissue,  vs^here 
by  their  pressure  they  interfere  with  the  circulation,  and  so  lead 

Fig.  103. 


Scrofulovs  inflammation  of  a  bronchus.  Section  of  a  small  bronchus  of  a  markedly 
scrofulous  child,  the  subject  of  bronchitis,  which  terminated  in  miliary  tuberculosis.  The 
deeper  structures  of  the  bronchial  wall  are  seen  to  be  extensively  infiltrated  with  cells, 
most  of  which  are  larger  than  those  met  with  in  the  less  e.xtensive  infiltration  of  healthy 
inflammation.  The  infiltration  extends  to  and  invades  the  walls  of  the  adjacent  alveoli, 
which  are  seen  at  the  upper  part  of  the  drawing.  The  cavity  of  the  bronchus  contains  a 
little  mucus,  m.     X  200,  reduced  h. 

to  retrogressive  and  caseous  changes.  There  is  but  little  or  no 
tendency  to  the  development  of  new  bloodvessels,  and  hence 
there  is  no  organization  of  the  new  growth.  These  peculiarities 
are  to  be  in  great  measure  ascribed  to  that  inherent  low  vitality 
of  the  tissues  which  obtains  in  this  disease,  and  also  to  certain 
peculiarities  in  the  histology  of  the  inflammatory  products. 
Virchow  long  ago  pointed  out  the  richly  cellular  character  of 
the  products  of  scrofulous  inflammation,  the  tendency  of  the 
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cells  to  infiltrate  the  tissue,  and  the  extreme  tardiness  with 
which  the  infiltration  becomes  absorbed.  Rindfleisch  stated 
that  these  cells  are,  for  the  most  part,  larger  than  those  met  with 
in  healthy  inflammations;  and  that  this  being  the  case,  their 
removal  by  passage  into  the  lymphatics  is  less  readily  efit'ected. 
Giant-cells  also  are  very  constantly  met  with.  There  is  prob- 
ably, however,  no  difiference  between  these  elements  and  the 
formative  and  giant-cells  which  Ziegler  found  in  all  chronic 
inflammations  (p.  250),  This  large  size  of  many  of  the  young 
cells  in  scrofulous  inflammation,  and  their  marked  tendency  to 
infiltrate  and  accumulate,  are  well  shown  in  the  accompanying 
drawing  (Fig.  103). 

We  now  come  to  a  question  which  has  long  been  a  subject  of 
discussion,  and  which  is  of  great  importance  in  the  etiology  of 
scrofula — viz.,  its  relation  to  tubercle.  It  is  generally  held,  and 
probably  rightly  so,  that  scrofula  favors  tuberculosis ;  and  clin- 
ically we  know  that  tuberculous  processes  are  especially  prone 
to  occur  in  the  scrofulous.  The  similarity  in  the  histology  of 
the  lesions,  however,  together  with  the  fact  that  the  Bacillus 
tuberculosis  is  often  found  in  what  appear  to  be  simply  scrofu- 
lous products,  has  suggested  the  possibility  that  the  two  diseases 
are  identical — that  the  peculiarities  of  scrofulous  inflammation 
are  also  due  to  the  presence  of  the  specific  bacillus,  and  not 
simply  to  an  inherited  or  acquired  abnormal  susceptibility  to 
simple  injuries.  This  view  receives  some  support  from  a  con- 
sideration of  the  ready  union  obtained  in  amputation  for  stru- 
mous disease,  the  good  results  of  complete  excision  of  diseased 
synovial  membranes,  and  of  enucleation  of  strumous  glands, 
which  would  seem  to  show  that  extremely  severe  injuries  may 
be  inflicted  upon  the  tissues  of  strumous  patients,  and  that  they 
may  subsequently  be  exposed  to  those  minor  injuries,  and  even 
to  the  irritation  of  septic  discharges,  which  are  held  to  render 
the  inflammation  chronic,  but  still  they  do  not  in  the  majority 
of  cases  become  again  the  seat  of  intractable  inflammation.  It 
may  be  said  that  all  the  excessively  vulnerable  tissues  of  a  part 
have  been  removed  by  amputation;  but  this  can  hardly  be 
maintained  in  excisions  in  which  parts  of  epiphyses  are  left,  or 
in  gouging  operations  upon  bones.  The  true  explanation  would 
seem  to  be  that  in  all  these  cases  we  have  removed  not  only  the 
products  of  the  inflammation,  but  its  cause;  and  what  we  know 
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already  of  the  etiology  of  chronic  inflammation  leads  us  to  sus- 
pect the  infective  nature  of  the  latter. 

On  the  other  hand,  it  may  be  said  that  in  such  cases  as  the 
above  a  scrofulous  inflammation  had  already  become  infected 
with  the  tubercle  bacillus;  and  when  we  remember  the  extreme 
frequency  with  which  the  mucous  membranes  and  lymphatic 
glands  in  scrofulous  children  are  the  seats  of  obstinate  and  pro- 
tracted inflammations  which  ultimately  terminate  in  complete 
recovery,  we  cannot  but  question  the  identity  of  a  scrofulous 
with  a  tuberculous  process.  It  would  seem  more  in  accordance 
with  the  present  position  of  our  knowledge  still  to  regard  a 
scrofulous  lesion  as  a  simple  but  chronic  inflammation,  and  a 
tuberculous  one  as  specific  and  due  to  the  Bacillus  tuberculosis; 
the  former  constituting  the  soil  which  is  most  suitable  for  the 
development  of  this  organism. 


CHAPTER   XXXIII. 
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There  is  nothing  rhore  to  state  concerning  the  process  of 
inflammation,  wherever  it  may  occur.  Every  tissue  in  the  body 
may  be  inflamed ;  but  whilst  this  is  common  in  some,  it  is  rare 
in  others.  Certain  forms  of  inflammation  occur  with  especial 
frequency  in  certain  parts;  and  the  same  part  may  present  dif- 
ferent appearances  under  the  same  form  of  inflammation.  To 
these  and  similar  points  attention  must  now  be  directed. 

The  student  should  have  quite  ready  in  his  mind  the  difterent 
forms  of  inflammation,  and  their  names  should  bring  before  him 
a  picture  of  the  tissues  infiltrated  by  a  certain  exudation;  the 
possible  fates  of  each  exudation — complete  absorption,  imperfect 
absorption  and  its  consequences,  or  death — must  also  be  felt 
instinctively. 
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Inflammation  of  the  Connective  Tissues. 

Common  connective  tissue  accompanies  bloodvessels  every- 
where. When  vessels  are  injured  this  tissue  is  more  likely  than 
any  other  to  share  in  that  injury ;  and  if  the  vessels  alone  are 
damaged,  it  will  be  the  first  structure  to  experience  the  effects 
of  the  lesion.  Thus,  every  form  of  inflammation  occurs  in  con- 
nective tissue ;  the  Avhole  description  of  the  process  applies  to  it. 

With  regard  to  the  special  varieties  of  connective  tissue,  we 
shall  speak  first  of  the  non-vascular — cornea  and  cartilage^  both  of 
which  are  interesting  as  the  battle-grounds  upon  which  the 
origin  of  the  new^  cells  in  inflammation  has  been  fought  out; 
for  it  was  hoped  that  migration  from  vessels  would  here  be  done 
away  with.  But  we  already  know  from  Senftleben's  experi- 
ments (p.  243)  that  injury  of  the  cornea  produces  none  of  the 
anatomical  signs  of  inflammation  unless  the  marginal  vessels 
are  affected,  or  leucocytes  are  admitted  from  the  conjunctival 
sac.  About  the  third  day,  however,  after  destruction  of  cells 
regenerative  processes  set  in.  Observations  on  cartilage  are 
more  difiicult,  but  they  show  that  the  above  results  hold  good. 

Inflammation  of  the  Cornea. 

Anteriorly  and  posteriorly  the  cornea  is  limited  by  mem- 
branes sufficiently  stout  to  resist  the  passage  of  leucocytes,  but 
these  enter  freely  from  the  margin,  together,  doubtless,  with 
fluid  exudation  from  the  vessels,  along  the  lymph-channels  in 
which  the  cells  and  nerves  lie,  the  leucocytes  accumulating  in 
clusters  around  the  cells.  Such  exudation  is  accompanied  by 
softening  and  opacity  of  the  corneal  structure,  and  may  lead  to 
alteration  in  its  curvature.  This  happens  in  vascular  keratitis 
and  the  interstitial  inflammation  of  congenital  syphilis.  A 
slight  vascular  exudation  forms  beneath  the  roughened  epithe- 
lium as  a  consequence  of  the  irritation  of  granular  lids,  the 
condition  being  known  as  pannus.  Pus  may  form  between  the 
layers  of  the  cornea,  constituting  onyx;  and  ulcers  in  all  stages 
are  common.  They  heal  by  scar-tissue,  and  leave  an  opacity 
and  a  more  or  less  altered  corneal  curve.  Any  keratitis  may  be 
"  productive,"  and  result  in  opacity  and  altered  curve. 
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Inflammation  of  Cartilage. 

In  the  most  acute  inflammations  of  joints,  the  cartilage  may 
slough  bodily,  as  the  cornea  does  in  the  worst  cases  of  conjunc- 
tivitis, from  injury  and  lack  of  food  combined.  It  then  either 
peels  off  in  flakes  or  softens  and  wears  away  at  points  of  pressure. 
In  less  acute  cases,  it  may  be  invaded  by  leucocytes  from  the 
joint-cavity  or  from  the  bone.  In  the  former  case,  some  white 
corpuscles  may  penetrate  the  injured  part  from  the  synovia; 
but  the  usual  course  is  that  the  synovial  membrane  becomes 
thickened  by  a  vascular  round-celled  infiltration,  and  sends 
processes  inward  over  the  surface  of  the  cartilage ;  these  creep 
on,  adhering  like  ivy,  and  their  cells  penetrate  into  the  sub- 
stance of  the  cartilage,  eroding  it.  Primarily,  or  secondarily 
to  this  process,  the  subjacent  bone  may  inflame,  and  granula- 
tion-tissue springing  from  it  may  similarly  eat  its  way  through 
the  cartilages  at  several  points,  riddling  it;  or  it  may  spread 
out  beneath  its  cartilage  without  perforating  it,  but  loosening  it 
so  that  it  may  fall  into  the  joint-cavity.  As  a  rule,  no  sign  of 
multiplication  of  cartilage-cells  is  seen,  although  leucocytes 
naturally  collect  in  their  capsules  (Fig.  104);  but  regenerative 

Fig.  104. 
d 

Section  of  inflamed  cartilage,  a.  The  normal  cartilage-cells,  b.  The  same  enlarged. 
d.  Multiplication  of  cells  within  their  capsules  (probably  invasion  by  leucocytes).  e. 
Eroding  layer  of  granulation-tissue.     X  250.     fCornil  and  Ranvier.) 

changes  probably  occur  in  chronic  cases.  In  such  a  joint  the 
fluid  is  always  turbid  from  degenerating  leucocytes  and  their 
products — thus  diflfering  from  that  of  serous  synovitis ;  the 
transition  to  pus  is  easy,  with  more  intense  irritation.  Healing 
takes  place  by  the  formation  of  scar-tissue  from  the  round- 
celled  exudation ;  short,  extremely  strong  and  wide  adhesions 
bind  the  surfaces  together,  producing  fibrous  ankylosis.     If  the 
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bone  is  involved,  some  or  all  of  the  adhesions  will  ossify — bony 
ankylosis. 

Inflammation  of  Bone. 

Inflammation  of  bone  always  originates  in  its  vascular  struc- 
tures— the  periosteum  and  medulla.  It  is  usual,  however,  to 
speak  of  an  ostitis  when  the  medulla  lying  in  Haversian  canals 
or  cancellous  spaces  is  affected;  of  a  myelitis,  when  the  medulla 
in  the  canal  of  a  long  bone  is  most  markedly  involved.  Strict 
limitation  of  inflammation  to  one  of  these  parts  does  not  occur; 
hence  such  a  term  as  osteomyelitis. 

Periostitis.— A  serous  form  is  described.  It  is  rare,  and  is 
the  mildest  form  of  infective  inflammation  of  the  part.  The 
exudation  is  highly  albuminous  (ostelite  albuminense,  Oilier). 

Fibrinous  and  productive  inflammations  are  common  as  the 
result  of  injury  and  syphilis.  The  early  syphilitic  node  consists 
of  granulation-tissue  which  may  be  absorbed  or  go  on  to  the 
production  of  fibrous  tissue,  which  may  ossify.  It  very  rarely 
breaks  down.  Ossification  begins  beneath  the  periosteum,  and 
from  the  surface  of  the  bone.  The  vessels  entering  the  Haver- 
sian canals  in  the  latter  are,  on  account  of  the  elevation  of  the 
periosteum,  more  or  less  vertical  to  the  surface ;  hence  the  new 
Haversian  canals  have  the  same  direction.  At  first  well  defined 
and  easily  separable  from  the  old,  the  new  and  the  old  ultimately 
become  indistinguishably  blended.  Later  in  syphilis,  when  gum- 
mata  form  beneath  the  periosteum,  it  is  common  for  suppuration 
and  superficial  caries  to  occur.  The  subcutaneous  bones  are 
chiefly  affected.  Inflammatory  thickening  of  a  bone  is  always 
due  to  periostitis. 

Suppurative  periostitis  is  generally  a  part  of  the  infective  dis-, 
ease  known  as  acute  necrosis,  which  rarely,  if  ever,  occurs  after 
union  of  the  epiphyses.  It  is  believed  by  some  that  the  poison 
lodges  in  the  medulla,  excites  suppuration  here,  and  spreads 
through  Haversian  canals  to  the  periosteum  to  set  up  the  same 
process;  but  probably  it  may  affect  the  periosteum  primarily 
and  alone.  Pus  forming  beneath  this  membrane  strips  it  up 
over  a  larger  or  smaller  area ;  the  vessels  passing  into  the  bone 
are  greatly  stretched,  and  this,  together  with  the  primary  dam- 
age to  the  vessels,  induces  thrombosis  of  many.  Hence  superfi- 
cial necrosis  is  the  usual  result :  and  if  the  medulla  also  has 
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suppurated,  the  necrosis  will  be  total — involve  the  whole  thick- 
ness of  the  shaft.  Pyaemia  commonly  occurs  before  the  abscess 
is  opened ;  it  is  in  this  disease  that  infective  fat  embolism  prob- 
ably occurs.  In  sejptic  osteomyelitis  a  difi'use  suppurative  inflam- 
mation attacks  the  medulla  and  periosteum,  causing  total  ne- 
crosis of  large  portions  of  bone,  and  very  frequently  destroying 
the  patient  by  pyaemia. 

Ostitis. — The  mildest  form  described  is  that  in  w^hich  granu- 
lation-tissue is  produced.  This  occurs  much  oftener  in  cancel- 
lous (vertebrae,  tarsus,  carpus,  epiphyses  of  long  bones)  than  in 
compact  bone.  A  round-celled  infiltration  takes  place  in  the 
medulla  and  presses  into  the  Haversian  canals;  the  fat  cells  dis- 
appear before  it.  So  also  does  the  hard  substance  of  the  bone ; 
cancellous  plates  are  eaten  through  and  Haversian  canals  widen. 
A  section  shows  the  spaces  crowded  with  small  round  cells, 
often  developing  in  parts  into  fibrous  tissue,  and  on  the  surface 
of  the  bone  in  contact  with  them  are  seen  semilunar  erosions,  as 
if  small  bites  had  been  taken  out  of  it.  These  are  called  How- 
ship's  lacunae.  Each  contains  leucocytes,  formative  cells,  and 
often  a  giant-cell.  These  cells  are  eating  away  the  bone.  The 
normal  bone-corpuscles  remain  unchanged  so  lon'g  as  they  are 
distinguishable.  This  process  is  called  rarefying  ostitis,  and  is 
an  ulceration  or  caries  of  bone  without  formation  of  pus.  Nothing 
is  more  natural  than  that  a  bone  thus  weakened  should  yield  to 
pressure;  thus  bodies  of  vertebrae  may  disappear  more  or  less 
completely,  those  above  and  below  becoming  approximated ; 
and  shafts  of  long  bones  bend  markedly,  as  is  seen  in  ostitis 
deformans  (Paget)  and  other  diffuse  inflammations.  The  in- 
flammatory tissue  may  pursue  any  of  the  courses  mentioned 
on  p.  258. 

In  a  very  early  case  absorption  might  occur,  and  regeneration 
make  good  any  loss.  But  when  once  marked  destruction  of 
bone  has  occurred,  scar-tissue  must  form  and  ossify  if  a  cure  is 
to  be  effected,  and  this  is  what  happens  in  cases  of  spinal  curva- 
ture without  abscess.  Too  often,  however,  degeneration  and 
softening  of  the  cells,  with  more  or  less  suppuration,  occur,  a 
cold  abscess  resulting  (p.  252).  When  this  is  opened  the  ulcer- 
ating, carious  surface  of  bone  is  exposed.  If  healing  occur,  it  is 
by  the  development  of  healthy  granulation-tissue  and  subsequent 
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scar-tissue,  which  ossifies.  Tubercles  are  almost  always  found 
in  such  carious  processes.     Syphilis  is  another  cause. 

Breaking  down  of  granulation-tissue  from  closure  of  its  ves- 
sels leads  to  death  of  the  attacked  bone ;  the  pieces  which  come 
away  are  generally  of  small  size — caries  necrotica. 

In  the  most  chronic  forms  of  ostitis  no  rarefaction  of  bone 
occurs;  the  new  growth  slowly  ossifies,  and  the  Haversian 
canals  and  cancellous  spaces  diminish.  The  bone  consequently 
becomes  extremely  heavy  and  ivory-like;  it  is  generally  thick- 
ened irregularly  from  coincident  periostitis.  This  occurs  espe- 
cially in  the  long  bones  and  in  the  bones  of  the  skull,  from 
syphilis.  It  is  called  condensing  ostitis  or  sclerosis.  It  is  said  that 
simple  closure  of  a  large  number  of  Haversian  canals  may  lead 
to  death  of  the  affected  bone.  In  syphilitic  necrosis  of  the  skull 
the  sequestrum  is  often  very  dense;  it  has  probably  been  killed 
by  degeneration  and  death  of  the  inflammatory  products  in  the 
bone  around  the  sclerosed  patch,  and  consequent  destruction  of 
the  few  vessels  which  entered  it. 

I^othing  is  commoner  than  to  find  the  rarefying  and  con- 
densing ostitis  combined.  Around  carious  patches,  osteoplastic 
periostitis  and  condensing  ostitis  frequently  exist,  thickening 
and  rendering  more  dense  the  surrounding  bone.  It  may  be 
that  this  less  acute  inflammatory  process  is  coupled  with  true 
hyperplasia  of  the  bony  tissue. 

ISTecrosis. — We  have  already  seen  that  death  of  bone  may 
result  in  several  ways  from  different  forms  of  inflammation, 
each  leading,  however,  to  destruction  of  vessels  and  arrest  of 
nutrition. 

This  may  be  brought  about  by  injury,  stripping  off  the  peri- 
osteum, and  breaking  up  the  medulla;  but  the  extreme  rarity  of 
necrosis,  even  in  the  most  serious  simple  fracture,  shows  that 
injury  alone,  with  the  inflammation  which  it  excites,  is  scarcely 
to  be  regarded  as  a  cause.  But  it  may  act  indirectly  by  pre- 
paring the  nidus  for  septic  (in  compound  fractures)  and  infective 
organisms.  These  constantly  acting  and  severe  irritants  increase 
the  damage  so  much  that  more  or  less  extensive  thrombosis, 
with  death  of  the  parts,  ensues. 

Suppuration  beneath  the  periosteum  and  in  the  medulla  are 
the  causes  of  necrosis.  This  result  is  much  commoner  in  com- 
pact than  in  cancellous  tissue,  owing  to  the  greater  ease  with 
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which  exudations  compress  the  vessels  in  the  unyielding  chan- 
nels of  the  former.  Necrosis  may  occur  also  in  a  less  violent 
way  in  rarefying  and  condensing  ostitis  (see  ante),  by  death  of 
the  infiltration. 

The  piece  of  dead  bone  is  called  a  sequestrum;  it  is  cast  off 
by  a  process  of  caries,  described  on  p.  310.  It  may  be  total, 
involving  the  whole  thickness ;  superficial,  or  central — the  latter 
being  much  the  rarer. 

The  removal  of  the  sequestrum  from  the  granulation-tissue 
with  which  it  is  in  contact  is  often  effected  only  with  consider- 
able difiolculty,  especially  if  it  be  deeply  seated.  This  difficulty 
is  occasionally  due  to  a  more  or  less  thick  layer  of  the  old  bone 
surrounding  the  necrosed  portion.  Much  more  frequently, 
however,  it  is  owing  to  the  participation  of  the  periosteum  in 
the  inflammatory  process.  The  inflamed  periosteum  produces 
new  bone,  a  capsule  of  which  is  thus  formed,  enclosing  the 
sequestrum.  Openings  exist  in  this  capsule  (cloacce)  leading  to 
the  dead  bone,  and  through  these  openings  the  inflammatory 
products  are  discharged.  When  the  sequestrum  is  quite  super- 
ficial, its  removal  is,  of  course,  more  readily  eftected. 

There  are  two  other  morbid  conditions  of  bone,  which, 
although  probablj^  not  coming  within  the  category  of  inflamma- 
tion, may  be  conveniently  described  in  the  present  chapter,  viz., 
Mollities  Ossium  and  Rickets. 


Mollities    Ossium. 

Mollities  Ossium  or  Osteomalacia  is  a  rare  disease,  occurring 
only  in  adults,  and  especially  in  pregnant  women  who  have 
borne  many  children.  It  is  characterized  by  progressive  decal- 
cification of  the  bones,  whilst  the  marrow  increases  steadily  and 
becomes  converted  into  a  vascular  round-celled  structure.  All 
bone  is  gradually  absorbed,  except  a  thin  layer  beneath  the  peri- 
osteum ;  so  that  the  bones  become  mere  shells  in  extreme  cases, 
very  light,  easily  cut  with  a  knife,  bending  or  breaking  readily. 
Early  in  the  disease  fractures  unite.  On  section  in  early  stages 
the  cancelli  and  Haversian  canals  are  enlarged  and  full  of  a  red- 
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dish,  gelatinous  substance,  which  at  a  later  period  may  become 
yellow  and  fatty. 

The  nature  of  the  disease  is  obscure.  Sporadic  cases  occur 
everywhere ;  but  it  is  frequent  in  some  places,  as  in  certain 
valleys  about  the  Rhine,  where,  it  is  stated,  there  are  women 
living  who  have  undergone  Csesarean  section  for  deformed 
pelvis  more  than  once.  The  pelvic  deformity  is  of  chief  impor- 
tance; the  sacrum  is  pushed  downward  by  the  weight  of  the 
body,  and  the  acetabula  upward  and  inward  by  the  resistance  of 
the  femora,  thus  greatly  shortening  the  two  oblique  diameters. 

Lactic  acid  has  been  found  in  the  bone,  the  reaction  of  which 
is  said  to  be  acid,  and  in  the  urine.  The  latter  usually  contains 
excess  of  lime  salts  which  have  been  removed  from  the  bone 
and  eliminated. 

Rickets. 

This  disease  of  children  is  so  specially  frequent  in  the  large 
towns  in  England  that  it  has  acquired  on  the  Continent  the 
name  of  the  "  English  disease."  It  appears  to  be  caused  by 
defective  hygienic  conditions,  especially  bad  air  and  improper 
feeding.  It  is  particularly  common  in  children  brought  up  by 
hand,  and,  according  to  Sir  W.  Jenner,  becomes  more  severe  in 
the  later  children  of  poor  families.  It  may  probably  be  said 
that  all  conditions  which  materially  interfere  with  the  nutrition 
of  a  child  may  cause  rickets ;  and  among  these  the  absence  of 
fresh  food  ranks  highest. 

The  disease  is  characterized  mainly  by  changes  affecting  the 
growing  tissues  of  bones,  and  therefore  most  marked  where 
growth  is  most  active,  viz.,  at  the  epiphyses  of  long,  and  at  the 
margins  of  flat,  bones.  These  changes  produce  undue  softness 
and  consequent  bending  or  breaking  (green-stick  fracture).  The 
bone  lesions  are  accompanied  by  symptoms  of  general  ill-health, 
and  often  by  enlargement  of  the  liver,  spleen,  and,  less  often,  of 
the  kidneys  and  lymphatic  glands,  due  chiefly  to  increase  of 
their  interstitial  connective  tissue,  but  in  part  also  to  overgrowth 
of  their  essential  structure  (Dickinson). 

The  alteration  in  the  bones  may  be  briefly  described  as  con- 
sisting in  "an  increased  preparation  for  ossiflcation,  but  an 
incomplete  performance  of  the  process"  (Jenner).     If  we  look 
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at  the  end  of  a  healthy,  growing,  long  bone,  we  see  the  white 
epiphyseal  cartilage  adherent  along  a  straight  line  to  the  shaft, 
which  consists  here  of  loose  cancellous  tissue,  the  spaces  of 
which  are  filled  with  red  marrow.  Between  the  bone  and  the 
epiphysis  is  a  blue,  semi-translucent  band  about  one  millimetre 
broad  with  practically  straight  margins.  Microscopically,  the 
blue  line  is  found  to  consist  of  the  one  or  two  layers  of  cartilage- 
cells  which  normally  multiply  and  enlarge,  forming  the  well- 
known  oval  groups  among  which  ossification  proceeds.  The 
septa  between  these  groups  have  become  very  thin,  and  toward 
the  shaft  they  are  calcifying;  a  sudden  transition  from  the  car- 
tilage-cells to  those  of  the  vascular  red  marrow  is  seen.  So  soon 
as  these  spaces  (primary  areolae)  with  calcified  walls  are  occupied 
by  the  round-celled  marrow,  absorption  begins,  and  adjacent 
spaces  open  into  each  other  and  form  the  larger  secondary 
areolae.  On  the  walls  of  these,  laminse  of  bone  are  deposited, 
including  osteoblasts  in  lacunae  between  them;  and  thus  Haver- 
sian systems  are  gradually  developed.  The  calcified  cartilage- 
matrix  is  darker  and  more  granular  than  the  bone  laid  down  by 
the  medulla  which  gradually  replaces  it. 

In  a  ricketty  bone,  the  blue  transition-zone  is  in  its  elements 
like  that  in  health,  but  is  much  wider  than  normal,  afi:ecting 
several  rows  of  cells,  and  its  outlines  toward  the  bone  and 
toward  the  cartilage  are  very  irregular,  the  calcification  of  the 
matrix  to  form  primary  areolge  occurs  without  any  regularity, 
so  that  patches  of  calcification  or  of  young  bone  may  be  found 
in  the  transition-zone  detached  from  the  shaft,  and  oval  collec- 
tions of  cartilage-cells  are  seen  among  secondary  areolae  full  of 
red  marrow.  Speedy  fusion  of  the  primary  into  secondary 
areolae  occurs,  but  the  deposit  of  laminas  of  bone  is  insignificant. 

Beneath  the  periosteum,  osteoblasts  form  in  excess  of  the 
normal,  and  osteogenic  fibres  appear,  but  calcification  is  very 
backward.  Central  absorption  goes  on  as  usual  to  form  the 
medullary  cavity,  and  the  sound  bone  which  was  laid  down 
before  the  onset  of  the  disease,  and  which  was  distinguished 
from  the  ricketty  bone  by  its  greater  density  and  less  opaque 
aspect,  is  gradually  removed.  The  bone,  now  consisting  only 
of  the  soft,  ricketty  structure,  yields  more  or  less  readily  under 
pressure,  or  breaks  under  slight  violence.  The  fracture,  how- 
ever, is  often  incomplete.     When  bending  occurs,  Nature  en- 
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deavors  to  support  the  concave  side  by  throwing  out  along  it  a 
buttress  of  bone.  This  is  often  seen  in  the  femur  and  tibia, 
giving  the  bones  a  flat,  somewhat  razor-like  appearance. 

The  thickening  of  the  epiphj^sis,  the  displacements  which 
occur  about  the  junction  of  shaft  with  epiphysis,  the  thickening 
of  the  edges  of  the  cranial  bones,  as  the  parietals,  and  the 
abnormal  curvatures  of  bones  under  pressure,  are  readily  ex- 
plained by  conditions  such  as  the  above. 

The  process  above  described  seems  to  be  injurious  to  the 
subsequent  growth  of  the  epiphyses.  They  often  join  the  shafts 
early,  dwarfed  stature  being  the  result.  We  may  just  mention, 
on  account  of  its  importance,  the  ricketty  pelvis.  There  are  two 
forms.  The  first  shows  shortening  of  the  conjugate  diameter 
only,  and  is  contracted  in  cases  in  which  the  child,  being  unable 
to  walk,  is  kept  lying.  The  other  closely  resembles  the  osteo- 
malacic pelvis,  and  the  mechanism  of  its  production  is  the  same, 
for  it  occurs  in  children  who  are  able  to  walk  about. 


CHAPTER    XXXIV. 

INFLAMMATION    OF   BLOODVESSELS. 

Inflammation   of  Arteries. 

In  studying  the  process  of  inflammation  in  arteries,  it  must  be 
borne  in  mind  that  the  middle  and  inner  coats  of  these  vessels 
are  non-vascular,  the  bloodvessels  being  distributed  in  the  ex- 
ternal layers.  As  in  other  tissues,  inflammation  of  arteries  may 
be  acute  or  chronic. 

Acute  Arteritis. — Acute  idiopathic  arteritis  was  formerly 
regarded  as  common,  the  staining  of  the  inner  coat  which  occurs 
in  septic  fevers  being  mistaken  for  inflammatory  hypersemia 
No  such  disease  is  now  recognized.  Acute  inflammation  may 
be  produced  by  injury,  as  when  a  vessel  is  tied,  twisted,  etc.;  or 
by  the  formation  or  impaction  in  the  vessel  of  an  irritant  body 
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{thrombus  or  embolus);  or  by  extension  from  surrounding  parts. 
The  changes  in  traumatic  arteritis  are  described  at  p.  215,  and 
the  effects  produced  bj  a  simple  thrombus  are  similar.  Plug- 
ging of  an  artery  by  a  simple  embolus  causes  only  a  chronic 
inflammation ;  but  the  infective  emboli  in  cases  of  ulcerative 
endocarditis,  etc.,  are  believed  to  produce  acute  infiltration  and 
softening,  and  to  be  the  chief  cause  of  aneurism  in  young  people. 
In  arteritis  by  extension,  the  outer  coat  is  first  and  chiefly  af- 
fected; if  the  process  extends  so  as  to  afiect  the  intima,  the  endo- 
thelium becomes  shed,  and  thrombosis  results.  Thus  destruction 
of  vessels  by  ulceration  does  not  cause  hemorrhage,  unless  the 
clot  breaks  dov^n,  as  it  possibly  will  if  infected  from  a  foul 
wound.    This  is  the  commonest  cause  of  secondary  hemorrhage. 

Chronic  Endarteritis.  —  Whilst  the  acute  inflammations 
affect  more  or  less  generally  the  whole  thickness  of  the  artery, 
the  chronic  inflammations  affect  primarily  and  perhaps  solely 
the  deeper  layers  of  the  intima.  Hence  the  term  chronic  endar- 
teritis. 

The  causes  of  chronic  endarteritis  are  mechanical  strain  and 
syphilis.  The  former  has  been  shown  by  Moxon  to  be  the  cause 
of  those  very  common  changes  in  the  larger  arteries  after  middle 
life  which  go  by  the  names — chronic  endarteritis,  arteritis  defor- 
mans, or  atheroma.  The  proofs  adduced  are — the  much  greater 
frequency  of  these  changes  in  the  aortic  than  in  the  pulmonary 
system;  their  occurrence  in  the  latter  when  the  pressure  is 
raised,  as  in  mitral  obstruction;  their  relative  frequency  in  those 
systemic  arteries  which  are  most  exposed  to  strain,  especially 
the  arch  of  the  aorta;  and  the  effect  of  conditions  which  raise 
the  blood-pressure  in  producing  them.  Thus  athletes  are  very 
liable  to  the  disease;  and  chronic  Bright's  disease,  in  which  the 
high-tension  pulse  is  well  known,  is  a  common  cause  of  atheroma. 
Syphilis,  as  a  cause  of  endarteritis,  has  been  considered  in  a  pre- 
ceding chapter  (see  p.  299). 

Atheroma  affects  chiefly  the  larger  vessels  of  the  trunk  and 
limbs,  and  those  at  the  base  of  the  brain.  It  commonly  forms 
rings  round  the  mouths  of  branches  leaving  a  main  trunk.  It 
appears  as  slightly  prominent  yellowish  patches,  covered  by 
normal  endothelium;  in  fact,  this  and  the  superficial  layers  of 
the  intima  may  be  stripped  off,  leaving  the  diseased  tissue 
beneath.     It  thus  contrasts  strongly  with  the  superficial  fatty 
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patches  which  result  from  fatty  degeneration  of  the  endothelial 
and  sub-endothelial  connective-tissue  cells  (p.  69). 

In  the  earliest  stage  of  the  process  a  grayish,  semi-translucent, 
round-celled  infiltration  is  found  between  the  laminae  forming 
the  deeper  part  of  the  intima.  This  may  go  on  to  the  produc- 
tion of  fibrous  tissue,  a  dense  fibroid  plaque  or  more  diffuse 
thickening  resulting;  more  often  formation  of  fibroid  tissue  and 
fatty  degeneration  are  found  together  (Fig.  105);  or  fatty  de- 

FiG.  105. 


Atheroma  of  the  aorta.  Showing  the  cellular  infiltration  of  the  deeper  layers  of  the 
inner  coat,  and  the  consequent  internal  bulging  of  the  vessel.  The  new  tissue  has  under- 
gone more  or  less  fatty  degeneration.  There  is  also  some  cellular  infiltration  of  the 
middle  coat.     i.  Internal,  m.  middle,  e.  external  coat  of  vessel.     X  50,  reduced  i. 

generation  and  calcification  may  occur;  or  the  fatty  degenera- 
tion may  lead  to  complete  softening.  Then  a  soft,  yellowish, 
pultaceous  material,  consisting  of  fatty  debris  and  cholesterin 
crystals,  is  found  beneath  the  intima.  This  has  been  termed  an 
atheromatous  abscess.  If  the  lining  membrane  perishes  or  is  torn, 
the  softened  matters  are  carried  away  by  the  blood-stream, 
leaving  an  atheromatous  ulcer.  The  middle  and  external  coats 
become  more  or  less  infiltrated  with  leucocytes  and  converted 
into  fibrous  tissue. 

It  is  not  uncommon  to  find  the  arch  of  the  aorta  so  studded 
with  small,  thickly  set,  raised  plaques  that  it  looks  somewhat 
like  alligator-hide.  The  plaques  are  yellow,  many  of  them  per- 
haps calcified,  and  the  calcareous  plates  may  be  quite  bare  or 
covered    by  endothelium  or  a  little  fibrin  ;    atheromatous  ab- 
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scesses  and  ulcers  may  also  be  present.  The  orifices  of  the 
coronary  arteries  are  often  more  or  less  diminished  by  yellow 
rings  around  them,  and  the  blood-supply  to  the  heart  propor- 
tionately lessened. 

It  is  obvious  that  changes  of  this  kind  will  greatly  impair  the 
elasticity  of  a  vessel  and  render  imperfect  the  circulation  in  the 
parts  beyond.  Moreover,  the  inelastic  vessel  wall  tends  slowly 
to  yield  under  the  constant  pressure  to  which  it  is  subject. 
General  dilatation  of  the  vessel  results;  perhaps  even  o,  fusiform 
or  cylindriform  aneurism.  When  an  atheromatous  ulcer  forms 
the  vessel  is  specially  weakened  at  this  spot,  and  a  sacculated 
aneurism,  or  even  rupture,  may  occur  if  the  external  coats  have 
not  been  greatly  strengthened  by  the  formation  of  inflammatory 
tissue  in  them.  And  if  the  tissues  round  the  margin  of  the 
ulcer  have  not  been  matted  together  by  new  tissue,  the  blood 
may  find  its  way  into  the  substance  of  the  middle  coat  between 
the  internal  and  external,  forming  a  dissecting  aneurism. 

Inflammation    of  Veins. 

Inflammatory  processes  in  veins  are  more  frequent  than  in 
arteries,  but  here  they  are  in  the  very  great  majority  of  cases 
secondary  to  coagulation  of  the  blood  within  the  vein  {thrombosis), 
the  coagulum  exercising  an  injurious  influence  upon  the  coats 
of  the  vessel.  The  inflammations  resulting  from  thrombosis 
have  already  been  described  (p.  212).  They  are  localized  or 
spreading,  according  as  the  clot  is  simple  or  continued  (p.  214). 

Other  causes  of  phlebitis  are  violent  injury,  and  extension  of  in- 
flammation from  adjacent  tissues.  Paget  describes  a  gouty 
phlebitis  especially  common  in  the  internal  saphenous,  and  often 
recurrent. 

The  structural  changes  closely  resemble  those  in  the  arteries. 
In  phlebitis  from  injury  or  from  extension,  the  external  and 
middle  coats  become  infiltrated  with  cells,  the  vitality  of  the 
intima  ultimately  becomes  impaired  or  lost,  and  when  this  has 
occurred  the  blood  within  the  vein  coagulates.  In  phlebitis 
from  thrombosis  the  endothelium  must  suffer  earliest. 
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Inflammatory  processes  in  the  heart  may  affect  the  substance 
of  the  organ,  or  the  endocardium.  They  are  much  more  fre- 
quent in  the  last-named  situation. 

Endocarditis. 

Endocarditis  is  for  the  most  part  limited  to  the  valves  of  the 
heart,  although  it  is  occasionally  met  with  involving  more  or 
less  of  the  cardiac  cavities.  After  birth  the  process  is  almost 
exclusively  confined  to  the  left  side  of  the  organ,  and  in  the 
great  majority  of  cases  it  commences  in,  and  comparatively 
rarely  extends  beyond,  the  confines  of  the  aortic  and   mitral 


Fig   lOG 


Fig.  107. 


Inflammation  of  aortic  lahes  The 
earlier  ''tage  of  the  proce^is  Showing  the 
situation  of  the  inflammatory  granula- 
tions. 


Inflammation  of  mitral  valve.  Tha 
earlier  stage  of  process.  Valve  seen  from 
the  auricular  surface.  Showing  the  situa- 
tion of  the  inflammatory  granulations. 


valves  and  corresponding  orifices.  But  during  fcetal  life,  endo- 
carditis is  as  exclusively  confined  to  the  right  side  (arterial), 
giving  rise  to  congenital  valve-lesions.  It  is  those  portions  of 
the  valves  which  come  into  contact  in  the  act  of  closure,  and 
are  thus  most  exposed  to  friction,  which  are  especially  involved, 
and  in  which  the  changes   usually  commence.     Thus,  in    the 
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aortic  valves,  it  is  the  convex  surfaces  of  the  segments  which 
are  most  liable  to  be  aftected,  and  not  the  free  edge  of  the  seg- 
ment, but  the  little  band  of  tissue  which  passes  from  its  attached 
border  to  the  corpus  Arantii  in  the  centre  (Fig.  106);  and  in  the 
mitral  valve,  the  auricular  surface  of  the  segments  at  a  little 
distance  from  the  attachment  of  the  chordee  tendinse  (Fig.  107). 
When  portions  of  the  endocardium  apart  from  the  valves  are 
affected,  this  is  frequently  due,  as  pointed  out  by  Dr.  Moxon, 
to  the  irritation  caused  by  the  friction  of  vegetations  or  fibrinous 
clots  situated  on  the  valves  themselves  (Fig.  108). 

The  histological  changes  accompanying  endocarditis  resemble 
those  already  described  as  occurring   in   those   more   chronic 
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Fig.  109. 


\ 


Endocarditis  due  to  friction.  The  draw- 
ing represents  a  long  vegetation  on  one 
of  the  segments  of  the  aortic  valve,  which 
by  rubbing  on  the  endocardium  below  has 
produced  numerous  inflammatory  granu- 
lations (a). 


Acute  endocarditis.  A  granulation  from 
the  mitral  valve,  showing  a  fibrinous  co- 
agulum  upon  the  surface  of  the  granula- 
tion.     X  10.     (RinJfleisch.) 


forms  of  arterial  inflammation  known  as  atheromatous.  The 
endocardium  and  inner  coat  of  an  artery  are  very  analogous  in 
their  structure,  both  being  non-vascular,  and  consisting  of  a 
layer  of  connective  tissue  with  an  internal  endothelial  covering. 
The  inflammatory  process  may  be  acute  or  chronic. 

Acute  Endocarditis. — If  the  process  be  acute,  the  deeper 
layers  of  the  endocardium  become  rapidly  inliltrated  with  young 
cells,  and  as  these  increase  in  number  the  intercellular  substance 
becomes  softened  and  destroyed,  and  thus  is  produced  a  soft 
tissue  composed  almost  entirely  of  cells  such  as  always  result 
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from  inflammator}^  processes  in  connective  tissue.  The  new 
tissue  as  it  increases  projects  through  the  superjacent  endothe- 
lium in  the  form  of  minute  granulations  and  vegetations  upon 
the  surface  of  the  softened  valve.  (See  Figs.  106  and  107.)  The 
endothelial  elements  are  said  by  some  to  participate  in  the  active 
process.     This  is  the  papillary  form  of  the  disease. 

The  above  changes  take  place  in  an  almost  non-vascular 
tissue,  and  although  there  is  more  or  less  increase  of  vascularity 
in  the  external  endocardial  layers,  vv^here  the  capillaries  are 
more  numerous,  there  is  rarely  any  redness  or  injection  of  the 
endocardium  seen  after  death.  The  granulations,  rough  and 
bereft  of,  endothelium,  frequent!}^  induce  coagulation  upon 
themselves,  and  become  covered  by  fibrinous  caps.  These  must 
not  be  confounded  with  the  vegetations  themselves,    (Fig.  109.) 

The  results  of  this  cellular  infiltration  vary.  If  the  process 
be  very  intense  the  new  tissue  may  break  down,  and  thus  a  loss 
of  substance  result — an  endocardial  ulcer.  This  takes  place 
without  any  accumulation  of  cells  sufficient  to  form  an  abscess, 
the  new  tissue  simply  becoming  rapidly  softened  and  disinte- 
, grating.  In  rare  cases,  however,  small  quantities  of  pus  are 
found  in  the  deeper  endocardial  layers.  The  ulcer  is  irregularly 
defined,  and  its  edges  are  usually  sw^elled  and  thickened. 

This  ulcerative  endocarditis  is,  however,  not  frequent,  the 
process  usually  being  less  acute.  The  ulceration  may  lead  to 
perforation  of  the  valve,  or  to  a  considerable  destruction  of  its 
substance.  Laceration  or  aneurism  of  the  valve  may  also  ensue 
from  the  pressure  exercised  by  the  blood  against  the  damaged 
tissue.  Sometimes  the  ulcerative  process  extends  so  as  to  in- 
volve the  cardiac  substance.  Ulcerative  endocarditis  is  a  grave 
aflfection,  often  giving  rise  to  embolism,  and  sometimes  to  a 
pysemic  process. 

When  the  inflammatory  process  is  less  intense,  as  is  much 
more  commonly  the  case,  the  granulating  valves  may  adhere  to 
each  other,  or  to  an  inflamed  patch  on  the  wall  of  the  heart. 
The  new  tissue  becomes  incompletely  organized  into  a  fibrillated 
structure,  whilst  it  undergoes,  in  part,  fatty  and  calcareous  de- 
generation. These  changes  always  produce  permanent  thicken- 
ing, rigidity,  and  shrinking  of  the  valves,  and  consequent  insuffi- 
ciency, stenosis,  or  both.  The  new  tissue  may  continue  to  grov/ 
after  the  severity  of  the  process  has  subsided,  and  thus  are  pro- 
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duced  the  vegetations  and  papillary  excrescences  on  the  valve 
which  are  so  commonly  met  with,  (See  Fig.  108.)  These  con- 
sist of  a  lowly  organized  tissue,  which  tends  to  undergo  fatty 
and  calcareous  changes. 

Etiology.  Endocarditis  occurs  especially  in  acute  rheumatism; 
also  in  pyaemia,  puerperal  fever,  gonorrhoeal  rheumatism,  scar- 
latina, typhoid,  and  chronic  Bright's  disease.  The  papillary 
form  is  by  far  the  commoner.  The  ulcerative  may  occur  pri- 
marily, but  as  a  rule  supervenes  upon  the  papillary  or  chronic 
forms. 

The  relation  of  endocarditis  to  the  above  diseases,  and  the 
course  of  the  ulcerative  form,  suggest  an  infective  origin.  In 
ulcerative  endocarditis  many  observers  have  found  micrococcus- 
colonics  on  the  vegetations  and  in  the  substance  of  the  valves. 
Koster  and  Klebs  found  them  also  in  the  papillary  form.  In 
some  cases  bacilli  also  have  been  found.  In  five  cases  of  primary 
ulcerative  endocarditis  examined  by  B.  Hirschfeld,  cocci  only 
were  present  in  all ;  and  these  organisms  are  demonstrable  also 
in  the  secondary  inflammations.  In  some  cases  no  fungi  have 
been  found.  ~Ro  positive  conclusion  can  be  arrived  at  with 
regard  to  the  etiology  of  the  disease  without  culture  and  inocu- 
lation- experiments. 

Chronic  Endocarditis. — This  may  be  the  sequel  of  acute 
inflammation,  or  the  process  may,  from  its  commencement,  be 
chronic  in  its  nature.  Conditions  of  mechanical  strain,  such  as 
lead  to  chronic  endarteritis,  are  the  most  important  causes  of 
chronic  inflammation  of  the  endocardium.  The  cell-infiltration 
is  much  less  rapid  and  abundant  than  in  the  acute  form ;  the 
intercellular  substance  consequently  becomes  much  less  softened 
and  destroyed,  and  the  new  tissue  has  a  much  greater  tendency 
to  develop  into  a  fibrillated  structure.  The  result  of  these 
chronic  processes  is  the  production  of  2i fibroid  thickening  of  the 
endocardium,  with  considerable  induration  and  contraction  of 
the  valves  or  valvular  orifices.  The  new  tissue  sometimes  forms 
papillary  growths  on  the  valves,  which  undergo  partial  fiitty 
and  calcareous  changes.     (See  Fig.  108.) 
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Myocarditis,  or  inflammation  of  the  cardiac  substance,  is  much 
less  frequent  than  the  precedinjg^.  Intense  and  concentrated  in- 
flammations leading  to  the  formation  of  abscess  probably  occur 
only  as  the  result  of  a  pysemic  process.  Less  intense  and  more 
diflfuse  forms  of  cardiac  inflammation  are  also  not  unfrequently 
met  with  in  association  with  pericarditis,  and,  less  commonly, 
with  endocarditis.  Here  the  inflammatory  process  appears,  by 
extension,  to  involve  the  immediately  adjacent  muscular  layers 
of  the  organ,  which  are  found  infiltrated  with  small  cells,  the 
fibres  themselves  being  softened  and  granular. 

In  addition  to  the  above,  a  form  of  myocarditis  must  be  recog- 
nized in  which  the  substance  of  the  heart  becomes  more  gener- 
ally involved.  In  certain  cases  of  acute  rheumatism  the  muscular 
tissue  of  the  heart  is  found  after  death  swollen,  softened,  opaque, 

Fig   no 


Acute  myocarditis.  From  a  case  of  acute  rheumatism,  a.  A  thin  section  of  the  left 
ventricle  made  in  the  direction  of  the  muscular  fibres,  showing  the  granular  and  swollen 
condition  of  the  fibres,  and  the  prominence  of  their  nuclei,  b.  A  transverse  section, 
showing  the  cellular  infiltration  of  the  intermuscular  tissue.     X  200. 

and  occasionally  faintly  mottled  with  slightly  yellowish  patches. 
When  examined  microscopically,  the  fibres  are  seen  to  have  lost 
their  striation  and  to  be  finely  granular,  their  nuclei  are  large 
and  prominent,  and  small  cells  are  found  in  varying  numbers, 
infiltrating  the  intermuscular  tissue.  (Fig.  110.)  I  have  met 
with  these  appearances  in  two  or  three  cases  of  acute  rheuma- 
tism, and  they  must,  I  think,  be  regarded  as  evidence  of  the 
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existence  of  an  acute  inflammatory  process.  The  change  is 
most  marked  in  the  left  ventricle,  and  is  usually  associated  with 
endo-  or  peri-carditis.  It  is  a  grave  complication  of  acute  rheu- 
matism, and  perhaps  of  some  other  diseases;  it  is  probably 
more  frequent' than  is  generally  supposed. 

Fibroid  Induration  of  the  Heart. — This,  a  comparatively 
rare  condition,  is  probably,  in  most  cases,  a  result  of  chronic 
myocarditis.  The  change  is  characterized  by  the  development 
of  a  fibrillated  tissue  between  the  muscular  elements.  The 
process  commences  in  the  intermuscular  septa  around  the  blood- 
vessels. This  becomes  infiltrated  with  small  cells,  which  tend 
to  develop  into  connective  tissue.  (Fig.  111.)  The  growth  of 
new  tissue  gradually  extends  between  the  bundles  of  muscular 
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Fig.  112. 


Fibroid  induration  of  the  heart,  A  thin 
section  from  the  wall  of  the  left  ventricle, 
showing  the  small-celled  growth  in  the 
intermuscular  septa  around  the  blood- 
vessels,    a.  a.  Vessels.     X  200. 


Fibroid  induration  of  the  heart.  A  sec- 
tion from  the  left  ventricle  of  the  same 
heart  as  Fig.  Ill,  showing  a  more  ad- 
vanced stage.  The  fibroid  tissue  sur- 
rounds the  individual  muscular  fibres, 
which  are  undergoing  fatty  degeneration. 
X  20u. 


fibres,  so  that  ultimately  each  fibre  may  be  surrounded  by  a 
tract  of  dense  fibroid  tissue.  (Fig.  112.)  The  muscular  fibres 
themselves,  owing  to  the  resulting  interference  with  their  nutri- 
tive supply,  atrophy,  undergo  fatty  metamorphosis,  and  are 
gradually  replaced  by  the  fibroid  growth.  (Fig.  112.)  Very 
frequently  the  cellular  nature  of  the  growth,  which  I  believe  to 
characterize  the  earlier  stages  of  its  development,  is  not  seen, 
the  new  tissue  being  simply  fibroid.^ 

^  Dr.  Hilton  Pagge,  in  a  series  of  eleven  cases  of  fibroid  disease  of  the  heart, 
found  that  cellular  elements  in  the  new  growth  were  almost  invariably  absent. 
(See  Trans.  Path.  Soc.  Lond.,  vol.  xxv.  p.  64.) 
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Fibroid  induration  of  the  heart  appears  in  many  cases  to  be 
induced  by  inflammatory  processes  commencin^^  in  the  peri-  or 
endo-cardium.  When  secondary  to  pericarditis,  the  change  is 
usually  most  advanced  in  the  more  external  portions  of  the  car- 
diac walls,  and  it  commonly  affects  both  the  right  and  left 
ventricles.  When,  on  the  other  hand,  an  endocarditis  is  the 
precursor  of  the  indurative  process,  the  change  is  more  marked 
in  the  internal  muscular  layers,  and  inasmuch  as  inflammatory 
processes  in  the  endocardium  occur  almost  exclusively  in  the 
left  cardiac  cavities,  the  left  ventricle  is  principally  involved. 
In  other  cases  the  fibroid  growth  appears  to  be  the  result  of 
syphilis.     (See  "  Syphilis.") 

Although  the  growth  of  new  tissue  is  thus  usually  more 
advanced  in  certain  portions  of  the  muscular  walls  than  in 
others,  it  is  by  no  means  uniformly  distributed.  In  some  parts 
it  may  be  very  dense,  the  muscular  fibres  being  entirely  obliter- 
ated, whilst  in  others  it  is  entirely  wanting,  and  the  muscular 
elements  present  a  normal  appearance. 

The  cardiac  walls  may  become  much  thickened  by  the  new 
growth,  and  the  induration  of  texture  is  often  very  considerable. 
In  the  specimen  from  which  the  accompanying  drawings  were 
made  the  walls  of  the  left  ventricle  were  so  hard  that  they  cut 
almost  like  a  piece  of  tendon. 

Fibroid  induration  of  the  heart  —  excluding  that  resulting 
from  syphilis — appears  to  occupy  the  same  pathological  position 
as  similar  fibroid  changes  in  other  organs — e.g.,  in  the  liver  and 
kidneys.  It  must  therefore  be  regarded  as  the  result  of  a 
chronic  inflammatory  process — a  chronic  myocarditis.  Its  effect 
must  evidently  be  to  interfere  very  materially  with  the  motor 
power  of  the  organ,  and  it  consequently  constitutes  one  of  the 
most  grave  of  all  the  cardiac  diseases. 
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CHAPTER   XXXVI. 

INFLAMMATION  OF  LYMPHATIC  STRUCTURES. 

Inflammatory  processes  in  lymphatic  structures  usually  result 
from  their  injury  by  substances  conveyed  to  them  by  the  lym- 
phatic vessels.  They  include — acute  and  chronic  inflammations, 
and  the  specific  inflammations  associated  with  typhoid  fever. 
Each  of  these  must  be  considered  separately. 

Acute  Inflammation  of  Lymphatic  Structures. 

Examples  of  acute  inflammation  of  lymphatic  structures  are 
furnished  by  the  inflammation  of  the  glands  in  the  axilla  from 
a  wound  on  the  hand,  of  the  glands  in  the  groin  from  gonor- 
rhoea, and  of  Peyer's  and  the  solitary  glands  in  the  intestine 
from  inflammation  of  the  intestinal  mucous  membrane. 

Inflammation  of  lymphatic  glands  is  almost  always  due  to 
absorption  of  some  infective  substance  from  a  primary  focus  of 
inflammation  (diphtheritic,  erysipelatous,  scarlatinal,  chancrous, 
etc.) ;  microorganisms  have  frequently  been  demonstrated  in 
them.  A  gland  aflfected  by  acute  inflammation  becomes  in- 
tensely vascular  and  the  seat  of  free  exudation.  The  escaping 
leucocytes  accumulate  in  its  tissues  and  sinuses,  until  all  distinc- 
tion between  medulla  and  cortex  has  disappeared,  and  the  gland 
substance  is  soft  and  pulpy,  and  perhaps  strewn  with  hemor- 
rhages. Leucocytes  in  the  lymph  coming  from  the  primary 
focus  are  also  detained  in  the  gland. 

Upon  the  removal  of  the  injurious  influence  the  process  may 
gradually  subside,  the  new  elements  undergo  disintegration  and 
absorption,  and  the  gland  returns  to  its  normal  condition  (Reso- 
lution). 

In  other  cases  the  process  goes  on  to  suppuration,  the  trabe- 
culse  are  destroyed,  many  of  the  cells  become  disintegrated,  and 
the  loculi  of  the  gland  become  filled  with  pus.  This  is  usually 
associated  with  inflammation  and  suppuration  of  the  surround- 
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ing  connective  tissue.  In  the  glands  of  a  mucous  membrane 
the  process  gives  rise  to  what  is  known  as  a  follicular  abscess. 
In  still  more  acute  cases  the  inflammation  may  be  truly  hemor- 
rhagic. 


Fig.  113. 


Chronic  Inflammation  of  Lymphatic   Structures. 

Chronic  inflammations  of  lymphatic  structures  result  from 
injuries  which  are  less  severe  and  more  prolonged  in  their 
action  than  those  which  give  rise  to  the  acute  form.  The  re- 
sulting cellular  infiltration  of  the  gland  is  consequently  a  more 
continuous  one,  and  the  gland  becomes  more  or  less  perma- 
nently increased  in  size.  The  reticulum  is  also  considerably 
involved.  These  chronic  inflamma- 
tory processes  difler  from  the  acute, 
inasmuch  as  they  lead  to  a  gradually 
increasing  development  of  the  re- 
ticular structure  of  the  gland.  The 
reticulated  network  becomes  thicker 
and  more  fibrous,  its  meshes  become 
smaller  and  smaller,  the  lymph-cells 
diminish  in  number,  and  thus  the 
gland  becomes  hard  and  fibrous  in 
consistence.  (Fig.  113.)  Perhaps,  in 
these  chronic  cases,  the  cells  of  the 
gland-substance,  and  the  flat  connec- 
tive-tissue cells  covering  the  trabe- 

culse  multiply  and  assist  in  forming  the  infiltrating  cells ;  but  it 
is  difficult  to  prove.  Fatty  patches  are  frequent  in  chronically 
inflamed  glands. 

Scrofulous  Glands. — In  those  chronic  inflammations  of  the 
lymphatic  glands  which  occur  in  scrofulous  subjects,  and  in 
which  the  glands  tend  to  become  caseous,  the  changes  resemble 
those  which  have  been  already  described  as  characteristic  of 
scrofulous  inflammation  (p.  303).  The  cell  infiltration  is  con- 
siderable, there  is  but  little  tendency  to  absorption,  and  many 
of  the  cells  increase  in  size,  and  even  form  multinucleated  ele- 
ments. The  gland  thus  becomes  enlarged,  soft,  and  elastic  in 
consistence,  and  of  a  uniform  grayish-white  color.  Owing  to 
the  obstruction  to  the  circulation  caused  by  the  pressure  of  the 


atic  gland.  Showing  the  increase 
in  the  stroma,  and  the  diminution 
in  the  number  of  the  lymphoid  cells. 
X  200. 
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cellular  infiltration,  the  gland  undergoes  retrogressive  changes 
and  becomes  caseous.  The  caseous  material  may  subsequently 
liquefy,  or  become  infiltrated  with  calcareous  particles.  Many 
caseous  lymphatic  glands  are  tuberculous  (p.  281),  and  the  Ba- 
cillus tuberculosis  is  found  in  them  in  small  numbers. 


Inflammation  of  Lymphatic    Structures  in 
Typhoid   Fever. 

The  inflammatory  processes  which  occur  in  the  lymphatic 
structures  in  typhoid  fever  have  their  seat  in  the  spleen,  in  the 
lymphatic  structures  of  the  intestine,  and  in  the  mesenteric 
glands. 

The  Spleen. — In  the  spleen  the  change  resembles  that  which 
occurs  in  many  of  the  other  acute  febrile  diseases,  although  it 
reaches  its  maximum  in  typhoid.  The  splenic  tissue  becomes 
exceedingly  vascular,  and  the  lymphatic  elements  increase 
rapidly  in  number,  so  that  the  organ  often  attains  two  or  three 
times  its  natural  size.  Many  of  the  new  elements  enter  the 
blood,  thus  causing  a  slight  temporary  increase  in  the  number 
of  white  blood-corpuscles.  As  the  fever  subsides,  the  hypersemia 
diminishes,  many  of  the  new  elements  undergo  disintegration 

and  absorption,  the  remainder 
enter  the  blood,  and  thus  the 
organ  again  attains  its  normal 
characters  and  dimensions. 

The  Intestinal  Lymphatic 
Structures. — It  is  in  the  solitary 
and  Peyer's  glands  that  the  most 
characteristic  changes  take  place 
in  typhoid  fever.  These  struc- 
tures may  be  involved  throughout 
the  whole  of  the  small  and  large 
intestine,  but  in  most  cases  the 
process  is  limited  to  those  in  the 
ileum  and  cgecum;  and  those  glands  are  always  the  most  affected 
which  are  situated  the  nearest  to  the  ileo-csecal  valve. 

The  primary  change  here  consists  in  a  hyperseraia  and  cel- 
lular infiltration  of  the  glands.  Many  of  the  cells  increase 
considerably  in  size,  so  as  to  form  the  multinucleated  elements 


Fig.  114. 


Typhoid  swelling  of  Peyer'a  patchi 
uolitary  glands  of  the  intestin 
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already  alluded  to.  Both  Peyer's  patches  and  the  solitary 
glands  thus  become  considerably  enlarged  and  prominent, 
standing  up  above  the  surface  of  the  intestine.  (Fig.  114.) 
Thuy  are  of  a  grayish-white  or  pale  reddish  color,  and  of  a  soft, 
brain-like  consistence.  The  surrounding  mucous  membrane  is 
also  exceedingly  vascular,  and  is  the  seat  of  an  acute  catarrhal 
process.  This  catarrh  is  more  or  less  general,  and  usually  pre- 
cedes the  swelling  of  the  glands.  The  cellular  infiltration,  in 
many  parts,  rapidly  extends  beyond  the  confines  of  the  glands 
into  the  immediately  surrounding  and  subjacent  tissues,  and  in 
some  cases  even  into  the  muscular  coat. 

The  process  now  passes  into  the  second  stage — that  of  the 
death  and  disintegration  of  the  newly  formed  tissue.  This  may 
terminate  in  various  ways.  Many  of  the  enlarged  glands  sub- 
side, the  new  elements  become  disintegrated  and  are  absorbed, 
and  the  inflammation  thus  undergoes  a  gradual  process  of  reso- 
lution. In  others,  the  individual  follicles  of  the  gland  rupture, 
discharging  their  contents  externally,  and  the  patches  then 
acquire  a  peculiar  reticulated  appearance.  The  most  character- 
istic termination,  however,  of  the  typhoid  process  is  the  separa- 
tion of  the  dead  tissue  as  a  slough,  and  the  formation  of  the 
typhoid  ulcer. 

The  process  of  sloughing  and  ulceration  may,  like  the  cellular 
infiltration,  take  place  uniformly  throughout  the  whole  gland, 
in  which  case  the  whole  mass  is  thrown  off,  leaving  an  ulcer- 
ated surface  corresponding  in  size  with  that  of  the  gland.  (Fig. 
115.)  More  commonly,  however,  the  sloughing  commences  in 
different  portions  of  the  patch,  and  small  irregular  losses  of 
substance  result,  which  may  gradually  extend  until  they  form 
one  large  ulcer. 

Although,  as  already  stated,  the  cellular  infiltration  may  ex- 
tend beyond  the  confines  of  the  glands,  this  is  rarely  the  case 
with  the  ulceration.  The  peripheral  infiltration  undergoes  reso- 
lution, and  hence  the  ulcers  have  the  same  configuration  as  the 
original  glands ;  those  originating  from  the  patches  being  oval, 
with  their  long  diameter  in  the  direction  of  the  gut;  and  those 
originating  in  the  solitary  glands  being  spherical  in  shape.  In 
rare  cases,  when  there  is  much  infiltration  of  the  surrounding 
mucous  membrane,  the  ulceration  may  extend  slightly  beyond 
the  confines  of  the  glands. 
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With  the  sloughing  and  disintegration  of  the  new  tissue  the 
process  of  infiltration  ceases,  and  hence  there  is  no  thickening 
or  induration  of  the  base  or  edges  of  the  ulcer.  The  base  is 
smooth,  and  is  usually  formed  of  the  submucous  or  muscular 
coat  of  the  intestine.     The  edges  are  thin  and  undermined,  and 


Fig.  115. 


Fig.  116. 


A  typhoid  ulcer  of  the  intestine 
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A  ti/phni  /  u/(p>  r/  thf  uilfitine  (tiiu- 
grammatic).  Showing  the  undermined 
edges  of  the  ulcer  and  the  slough  still 
adherent,  a.  Epithelial  lining,  h.  Sub- 
mucous tissue.  c.  Muscular  coat.  d. 
Peritoneum. 


consist  of  a  well-defined  fringe  of  congested  mucous  membrane, 
(Fig.  116.)  This  is  best  seen  when  the  gut  is  floated  in  water. 
In  some  cases,  however,  the  sloughing  extends  deeper  through 
the  muscular  layer  to  the  subperitoneal  tissue,  and  it  may  thus 
cause  perforation  and  peritonitis. 

The  third  stage  of  the  process  is  that  of  cicatrization.  This 
takes  place  by  the  resolution  of  the  peripheral  infiltration,  the 
approximation  and  union  of  the  undermined  edges  with  the 
floor  of  the  ulcer,  and  the  gradual  formation  from  the  margin 
of  an  epithelial  covering.  The  gland-structure  is  not  regene- 
rated. The  resulting  cicatrix  is  slightly  depressed,  and  less 
vascular  than  the  surrounding  mucous  membrane.  There  is  no 
puckering  or  diminution  in  the  calibre  of  the  gut.  In  some 
cases,  however,  cicatrization  does  not  take  place  so  readilj^  and 
the  floor  of  the  ulcer  becomes  the  seat  of  a  secondary  ulceration. 
This  usually  takes  place  after  the  general  disease  has  run  its 
course,  or  during  a  relapse.  Profuse  hemorrhage  and  perfora- 
tion more  commonly  result  from  the  secondary  ulceration  than 
from  the  primary  sloughing  of  the  glands. 

The  Mesenteric  Glands. — The  change  in  the  mesenteric 
glands  is  probably  secondary  to  that  in  the  intestine.  These 
glands  become  the  seat  of  an  acute  cellular  infiltration,  and  are 
enlarged,  soft,  and  vascular.  They  usually,  like  many  of  the 
glands  in   the    intestine    and  the    spleen,  undergo   a   gradual 
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process  of  resolution.  In  rare  cases,  however,  the  capsule  of 
the  gland  is  destroyed,  and  the  softened  matters  may  escape 
into  the  peritoneal  cavity  and  so  cause  peritonitis.  The  enlarged 
glands  may  also  become  caseous,  and  subsequently  calcified. 

Bacilli  of  characteristic  form  have  been  found  in  the  ulcers 
and  mesenteric  glands,  and  also  in  blood  taken  from  the  spleen 
during  life. 


CHAPTER    XXXVIl. 

INFLAMMATION  OF  MUCOUS  MEMBRANES. 

Inflammations  of  mucous  membranes  are  divided  into 
catarrhal^  croupous,  and  diphtheritic. 

Catarrhal  Inflammation. — This  may,  according  to  its  in- 
tensity, be  serous,  mucous,  muco-purulent,  or  purulent.  Acute 
cases  begin  with  redness,  slight  swelling,  and  abnormal  dryness 
of  the  mucous  membrane,  some  tenderness  of  the  part,  and  per- 
haps pain.  After  a  time  this  is  succeeded  by  exudation,  and 
the  symptoms  are  then  as  a  rule  relieved.  In  chronic  cases  the 
symptoms  and  physical  signs  are  much  less  marked,  the  exuda- 
tion being  generally  the  first  thing  noted.  Post-mortem,  all 
hypersemia  has  generally  disappeared,  and  the  membrane  may 
look  paler  than  natural;  but  after  chronic  inflammation  of  any 
intensity,  more  or  less  dark  gray  pigmentation,  from  the  hsemo- 
globin  of  extravasated  red  corpuscles,  will,  in  most  situations, 
bear  evidence  of  former  inflammation  (p.  103).  These  appear- 
ances can  be  studied  nowhere  better  than  in  the  inflamed 
bladders  from  cases  of  stricture,  enlarged  prostate,  etc. 

Serous  Catarrh.  Free  serous  effusion  occurs  from  the  vessels 
and  escapes  upon  the  surface;  this  is  often  seen  in  the  early 
stage  of  colds  in  the  head. 

Mucous  Catarrh  is  characterized  mainly  by  increased  produc- 
tion of  mucus,  which  escapes  mixed  up  with  serous  fluid,  or 
remains  adherent  to  the  surface,  as  is  often  seen  in  chronic 
pharyngitis.     Sometimes  the  sero-mucous  discharge  is  tolerably 
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clear,  at  others  more  or  less  opaque;  in  the  former  case,  only  a 
moderate  number  of  cell-forms  are  present — in  the  latter,  many. 
Most  of  the  cells  are  escaped  leucocytes,  but  many  are  desqua- 
mated epithelial  elements.  The  increased  "  secretion  "  of  mucus 
and  the  excessive  desquamation  of  epithelium  have  been  looked 
upon  as  disproving  the  view"  that  depression  of  function  is  an 
invariable  result  of  inflammation.  The  formation  of  mucus, 
however,  is  much  more  a  degeneration  than  a  secretion,  and 
such  a  process  might  well  be  hastened  by  irritation.  With 
regard  to  the  epithelial  cells — it  would  seem  likely  that,  whilst 
the  superficial  layers  are  killed  by  the  irritation  and  cast  off,  the 
deeper  ones  are  more  resistant  even  than  the  elements  of  the 
superficial  vessels.  The  action  of  an  irritant  which  causes  the 
latter  to  leak  gravely,  leaves  the  former  able  to  multiply  freely. 
Indeed,  it  is  conceivable  that  what  would  be  an  irritant  to  one 
cell  might  be  a  stimulant  to  another  more  resistant  organism, 
rendering  it  more  capable  of  utilizing  increased  supply  of  food. 
Purulent  Catarrh.  If  the  inflammation  be  more  intense,  the 
escape  of  leucocytes  is  still  greater,  and  the  secretion  becomes 
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Fig.  117. 
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Catarrhal  hifiammation  of  the  conjunctiva,  a.  Epithelium,  h.  Infiltrated  subepithelial 
connective  tissue.  Showing  the  desquamation  of  the  epithelium,  and  the  young  elements 
within  the  epithelial  cells.     (Rindfleisch.) 

purulent.  As  the  exudation  approaches  more  and  more  closely 
the  character  of  true  pus,  the  formation  of  mucus  and  the  des- 
quamation of  epithelium  cease — a  muco-purulent  §tage  being 
often  passed  through. 

A  section  through  a  mucous  membrane  thus  affected  (Fig.  117) 
shows  desquamation  of  the  superficial  epithelial  cells,  and  these 
often  contain  broods  of  young  cell-leucocytes  which  have  mi- 
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grated  into  them.  Leucocytes  lie  here  and  there  between  the 
deeper  cells,  in  which  evidence  of  multiplication  will  be  found. 
More  or  fewer  white  corpuscles  infiltrate  the  mucosa,  together 
with  fluid  exudation,  producing  swelling  of  it;  or  thickening 
and  induration,  if  they  go  on  to  form  connective  tissue. 

Simultaneously,  all  lymphoid  structures  in  the  mucous  mem- 
brane are  aifected.  The  lymph-follicles  swell,  and  their  contents 
may  soften  and  form  minute  abscesses,  which  burst  and  leave 
the  small  ulcers  (follicular),  so  often  seen  in  catarrhal  conditions 
of  the  intestines  and  pharynx.  The  ulceration  in  some  cases 
extends  beyond  the  confines  of  the  follicle.  The  proper  gland- 
ular structures  also  may  become  involved.  Their  epithelium 
multiplies,  the  glands  become  choked  with  the  epithelial 
elements,  and  they  may  subsequently  atrophy.  This  is  seen 
in  catarrh  of  the  stomach. 

The  acute  process  may  quickly  subside,  or  it  may  become 
chronic.  In  the  latter  case  the  hypersemia  diminishes,  but  the 
escape  of  leucocytes  and  the  multiplication  of  the  epithelial 
elements  continue,  and  the  subepithelial  tissue  becomes  more 
extensively  infiltrated  with  small  cells. 

Chronic  catarrhal  inflammations  of  mucous  membranes  diiFer 
from  the  acute,  inasmuch  as  the  subepithelial  connective  tissue 
is  often  extensively  infiltrated  with  small  cells,  which  may  ulti- 
mately form  an  imperfectly  fibrillated  structure.  The  mem- 
brane thus  becomes  indurated  and  thickened,  and  the  pressure 
exercised  by  the  new  growth  may  induce  atrophic  changes  in 
the  glandular  structures  which  it  contains,  as  is  seen  in  chronic 
catarrh  of  the  stomach;  by  preventing  the  exit  of  their  secretion 
it  may  cause  them  also  to  dilate  so  as  to  form  cysts.  These 
changes  in  the  subepithelial  connective  tissue  are  usually  accom- 
panied by  enlargement  of  the  lymphatic  structures,  an  enlarge- 
ment which  sometimes  gives  to  the  membrane  a  nodular  or 
granular  appearance.  This  is  well  seen  in  the  pharynx  (fol- 
licular pharyngitis).  The  enlarged  lymphatic  structures  may 
ulcerate  and  constitute  the  starting-point  of  an  infective  process. 
(See  "  Tuberculosis  of  Mucous  Membranes.")  In  some  situa- 
tions, as  the  stomach  and  intestine,  the  membrane  often  at  the 
same  time  becomes  deeply  pigmented. 

Croupous  and  Diphtheritic  Inflammation. — These  terms  are 
applied  to  inflammations  of  mucous  membranes  and  raw  surfaces 
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which  lead  to  the  production  of  a  so-called /a^se  membrane — such 
as  is  seen,  for  example,  in  croup.  The  formation  of  this  fibrin- 
ous layer  upon  the  surface  of  the  membrane  is  quite  character- 
istic, and  at  once  distinguishes  this  form  of  inflammation  from 
a  simple  catarrhal  process.  On  mucous  surfaces,  the  membrane 
may  exist  in  little  patches  or  cover  a  large  area;  it  is  usually  of 
a  yellowish  or  grayish-white  color,  and  in  consistence  varies 
from  a  tirm  and  tough  to  a  soft,  pultaceous  material.  It  may  be 
deeply  blood-stained.  It  is  with  greater  or  less  diflaculty  separ- 
able from  the  subjacent  tissue,  which  in  all  cases  after  its 
removal  is  found  to  have  lost  its  epithelium.  In  thickness  it 
may  vary  considerably  in  different  parts.  The  two  words — 
croupous  and  diphtheritic — owe  their  origin  to  the  belief,  still 
held  by  many,  that  there  is  an  idiopathic  membranous  inflam- 
mation of  the  larynx  (croup)  distinct  from  diphtheria.  Croup 
had  long  been  known  when  Bretonneau,  in  1826,  tirst  accurately 
described  diphtheria,  gave  the  disease  its  present  name,  and 
asserted  that  "croup"  was  merely  laryngeal  diphtheria.  The 
term  is  used  with  this  meaning  in  France,  and  the  majority  of 
English  physicians  adopt  Bretonneau's  view.  The  adjectives 
croupous  and  diphtheritic  are  often  used  as  synonymous,  but 
many  propose  to  speak  of  a  membrane  as  croupous,  when  it 
involves  no  more  than  the  epithelium  of  a  mucous  membrane ; 
as  diphtheritic,  when  it  involves  the  mucosa.  The  differences  in 
the  depth  of  the  tissue  involved  are  probably  due  to  variations 
in  the  intensity  of  the  process ;  and,  according  to  Cohnheim,  the 
process  is  more  likely  to  be  superficial  in  those  situations  where 
a  distinct  basement  membrane  exists — as  in  the  pharynx  and 
respiratory  tract — than  in  those  where  this  is  not  the  case,  as  in 
the  intestines  and  conjunctiva.  A  false  membrane  superficial 
to  the  basement  membrane  is  much  more  easily  detached  than 
one  which  involves  this  structure. 

Others  would  limit  the  term  "  croupous"  to  false  membranes 
formed  chiefly  of  coagulated  fibrin,  whilst  "diphtheritic"  is 
applied  to  those  consisting  of  tissues  which  have  undergone 
coagulation-necrosis  (p.  260).  This  division,  which  renders 
"croupous"  equivalent  to  "fibrinous,"  seems  to  be  the  better, 
although  the  two  processes — coagulation  of  fibrin  and  of  cells — 
are  closely  allied,  and  one  may  succeed  the  other  in  the  same 
'case. 
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The  relative  rarity  of  fibrinous  inflammations  of  mucous,  as 
compared  with  serous  membranes,  led  Weigert  to  investigate 
the  reason  of  the  difference.  He  found  that  inflammatory  exu- 
dations from  mucous  membranes  coagulated  so  soon  as  the 
epithelium  was  destroyed,  and  he  started  the  hypothesis  that 
livmg  epithelium,  like  endothelium,  prevents  the  formation  of 
fibrin. 

But  the  injury  v^'hich  causes  destruction  of  epithelium  must 
be  more  intense  than  one  which  does  not  cause  such  damage; 
and  it  is  likely  that  the  exudation  in  the  former  cases  will  be 
more  highly  fibrinous  than  in  the  latter.  I^ow,  in  a  case  of  true 
diphtheina,  a  patch  of  epithelium  and  more  or  less  of  the  sub- 
jacent tissue  are  killed  by  the  irritant  and  undergo  coagulation- 
necrosis;  and,  if  the  false  membrane  thus  formed  be  removed, 
a  fresh  one  will  form  rapidly,  which,  unless  the  destruction  of 
tissue  extends,  can  hardly  consist  of  anything  but  coagulated 
fibrin. 

The  two  kinds  of  membrane  differ  microscopically.  The 
fibrinous  has  the  appearance  of  lymph — a  network  of  fibrin  con- 
taining in  its  meshes  a  greater  or  less  number  of  leucocytes, 
desquamated  epithelial  cells,  and  debris;  it  is  easily  stripped  off. 
The  diphtheritic  membrane  is  separated  less  easily,  and,  if  deep, 
only  with  great  difiBculty.  Superficially  it  closely  resembles 
the  croupous  membrane,  but  the  deeper  parts  consist  of  much 
swollen,  homogeneous  cells,  from  which  the  nuclei  have  disap- 
peared. There  is  no  sharp  line  in  advancing  cases  between  the 
coagulated  and  the  living  tissue-elements.  These  membranes 
resist  acetic  acid  much  longer  than  do  the  simple  fibrinous  ones. 

False  membranes  probably  form  occasionally  upon  every 
mucous  membrane,  and  obviously  from  very  different  causes. 
Examples  are :  the  membranes  which  form  on  the  tonsils, 
larynx,  etc.,  in  true  diphtheria;  from  scalds  and  the  application 
of  caustic  chemicals;  in  the  bladder  after  parturition  (when  a 
complete  cast  may  be  expelled),  and  in  the  most  acute  cystitis; 
in  the  vermiform  appendix,  sometimes  from  the  irritation  of  a 
concretion;  in  the  lower  part  of  the  large  intestine  in  dysentery; 
and  in  the  air-tubes  in  plastic  bronchitis.  It  may  be  noted  here 
that  false  membranes  sometimes  form  upon  granulating  wounds 
(croup  of  granulations),  and  it  is  held  by  some  that  there  is  no 
line  between  such  cases  and  those  of  true  diphtheria  of  wounds 
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and.  of  hospital  gangrene.  It  seems  most  probable,  however, 
that  there  is  an  etiological  diflerence,  for  croup  of  granulations 
may  be  induced  at  will  by  blistering  the  surface. 

Although  the  above  facts  show  that  false  membranes  may 
result  from  the  action  of  simple  irritants,  the  great  majority 
met  with  in  man  are  due  to  infective  poisons,  e.  g.,  diphtheria, 
diphtheritic  conjunctivitis,  epidemic  dysentery — all  highly  con- 
tagious. Micrococci,  with  other  organisms,  are  found  in  clouds 
and  zoogloea  masses  in  almost  all  cases;  but  no  etiological  con- 
nection has  been  established  between  them  and  any  of  these 
diseases. 

Dysentery. 

The  inflammatory  processes  occurring  in  the  intestine  in 
dysentery  are  for  the  most  part  limited  to  the  large  intestine, 
although  the  ileum  is  also  occasionally  involved.  The  inflam- 
mation is  always  most  marked  in  the  rectum  and  descending 
colon,  and  it  may  be  stated  generally  that  it  is  characterized  by 
the  ulceration  and  sloughing  of  the  membrane  to  which  it  gives 
rise. 

The  intestinal  changes  vary  considerably,  according  to  the 
intensity  of  the  inflammatory  process.  In  the  milder  forms  of 
the  disease,  the  changes  are  most  marked  on  the  summits  of  the 
folds  of  the  mucous  membrane.  These  are  found  covered  wdth 
a  grayish-white  layer  of  fibrinous-looking  material,  which,  when 
scraped  off,  leaves  a  superficial  loss  of  substance.  The  mucous 
membrane  generally  is  hypersemic  and  softened.  The  sub- 
mucous tissue  also  is  infiltrated  with  inflammatory  products, 
and  the  solitary  glands  are  enlarged  and  prominent. 

"When  the  process  is  more  severe,  the  submucous  tissue  be- 
comes more  extensively  involved,  and  the  superficial  layer  of 
fibrinous  material  extends  over  wider  areas  and  implicates  more 
deeply  the  mucous  membrane.  The  thickening  of  the  intestinal 
wall,  however,  is  much  greater  in  some  parts  than  in  others,  so 
that  projections  are  produced  upon  the  inner  surface  of  the 
intestine,  corresponding  with  those  parts  which  are  the  most 
affected.  The  enlarged  solitary  glands  usually  slough,  and  so 
give  rise  to  circular  ulcers,  which  rapidly  increase.  When  the 
process  has  reached  this  stage,  the  muscular  and  serous  coats 
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are  implicated,  the  latter  being  covered  with  layers  of  fibrin 
which  form  adhesions  with  adjacent  parts.  The  intestine  is 
much  dilated,  and  contains  blood  and  disintegrating  inflamma- 
tory products. 

In  the  most  intense  forms  of  the  disease  the  necrosis  is  more 
extensive.  According  to  Rokitansky,  large  portions  of  the 
mucous  membrane  are  converted  into  black  rotten  sloughs. 
The  submucous  tissue  is  infiltrated  with  dark  blood  and  serum, 
but  subsequently  it  becomes  the  seat  of  a  reactive  suppurative 
inflammation,  by  means  of  which  the  necrosed  portions  of  tissue 
are  removed. 

If  death  does  not  occur,  and  the  inflammatory  process  sub- 
sides, the  ulcers  may  gradually  heal.  When  the  loss  of  sub- 
stance has  not  been  considerable,  the  edges  of  the  ulcers  may, 
by  the  contraction  of  the  submucous  tissue,  become  completely 
approximated.  More  commonly,  however,  the  loss  of  substance 
is  so  great  that  portions  of  the  membrane  are  left,  consisting 
simply  of  connective  tissue. 

When  the  inflammatory  process  becomes  chronic,  the  changes 
in  the  submucous  connective  tissue  become  more  marked,  and 
the  new  fibroid  growth  gives  rise  to  considerable  thickening 
and  induration  of  the  intestinal  wall,  and  to  more  or  less  con- 
traction and  narrowing  of  the  cavity.  Sometimes  it  forms 
fibrous  bands,  which  project  into  the  gut.  The  formation  of 
abscesses  and  fistulous  passages  occasionally  occurs  in  the  thick- 
ened intestinal  wall. 


CHAPTER    XXXVIII. 

INFLAMMATION    OF    SEROUS    MEMBRANES. 

Inflammatory  processes  in  serous  membranes  vary  in  their 
intensity,  and  in  the  amount  and  character  of  the  eflrusion. 

The  process  commences,  as  in  mucous  membranes,  with 
hypersemia,  and  exudation  of  fluid  and  of  blood-corpuscles  into 
the  serous  cavity  quickly  follows.     (Fig.  118.) 
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Next  to  hyperaemia,  the  first  sign  of  inflammation  is  a  loss  of 
polish  of  the  surface,  owing  partly  to  the  injury  done  to  the 
epithelium  by  the  irritant,  and  to  the  passage  out  through  the 
layer  of  cells  of  the  exudation,  partly  to  the  presence  of  leuco- 
cytes and  a  little  fibrin  on  the  surface.  The  moistening  of  the 
surface  with  the  albuminous  exudation  renders  it  "  greasy." 
As  the  inflammation  goes  on,  the  surface  becomes  opaque, 
roughened,  and  exceedingly  vascular;  and  soon  it  becomes 
covered  with  a  fibrinous  layer,  whilst  more  or  less  liquid  tran- 
sudes into  its  cavity.     The  coagulable  material  which  exudes 


Fig.  118. 


Fig.  119. 


Inflamed  epiploon  of  a  rabbit. 
Showing  changes  in  the  endothe- 
lium. X  250.  (Cornil  and  Ran- 
vier.) 


Inflammatiuii  of  the  diaphragmatic  pleura  Show- 
ing the  adherent  fibrinous  layer,  a.  Muscular  coat 
of  diaphragm.  6.  Subserous  tissue.  c.  Serous 
membrane.  e.  Fibrinous  layer.  X  400.  (Rind- 
fleisch.) 


from  the  vessels  forms  a  soft,  elastic,  membranous,  or  reticulated 
investment,  inclosing  in  its  meshes  numerous  small  cells.  This 
either  glues  the  two  surfaces  of  membrane  together,  collecting 
especially  where  pressure  is  least,  viz.,  along  the  angles  of  con- 
tact of  the  intestines,  where  injection  also  is  most  marked;  or, 
if  they  are  separated  by  liquid  effusion,  forms  a  slightly  adherent 
layer.  (Fig.  119.)  The  exuded  liquid  varies  considerably  in 
amount,  and  is  always  turbid,  thus  diflfering  from  non-inflam- 
matory efiTusions.  It  contains  flakes  and  masses  of  coagulated 
fibrin  and  innumerable  cells,  the  latter  being  in  the  earliest 
stages  of  the  process  almost  entirely  emigrants. 

The  nature  of  the  subsequent  changes  will  depend  upon  the 
intensity  of  the  inflammation,  and  upon  the  amount  of  liquid 
exuded  into  the  serous  cavity.      IC  the    inflammatory  process 
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subsides,  and  the  liquid  exuded  is  not  sufficient  to  prevent  the 
two  surfaces  of  the  membrane  from  coming  into  contact,  they 
grow  together  and  form  an  adhesion.  This  constitutes  the  so- 
called  adhesive  inflammaiion.  The  union  is  effected  by  the  for- 
mation of  connective  tissue  (p.  249).  This  is  by  far  the  most 
frequent  form  of  inflammation  of  serous  membranes.  The  pro- 
cess is  precisely  similar  to  that  which  takes  place  in  the  union 
of  an  incised  wound.  It  is  probable  also  that  in  some  cases 
union  may  take  place  without  the  intervention  of  any  fibrinous 
layer,  by  the  formation  and  growing  together  of  irregular  papil- 
lary outgrowths  from  the  subendothelial  tissue. 

If,  however,  the  inflammatory  process  is  severe,  or  the  sur- 
faces of  the  membrane  are  separated  by  a  large  quantity  of 
liquid  eflfusion,  organization  and  adhesion  cannot  be  effected. 
If  a  large  quantity  of  liquid  exists  in  the  serous  cavity,  the 
removal  of  this  becomes  necessary  before  union  can  take  place. 
If  the  intensity  of  the  irritant  is  considerable,  and  its  action 
prolonged,  union  is  prevented  by  the  formation  of  pus.  These 
two  conditions  must  be  considered  separately. 

The  existence  of  a  large  amount  of  effusion  prevents  approxi- 
mation, and  therefore  adhesion,  of  the  serous  surfaces,  and  be- 
fore this  can  be  effected  absorption  of  the  liquid  becomes  neces- 
sary. The  presence  of  the  liquid  itself,  however,  interferes  with 
its  absorption.  This  is  owing,  as  already  stated  (p.  259),  to 
the  pressure  which  it  exercises  upon  the  bloodvessels  and  lym- 
phatics; which  pressure,  by  hindering  the  circulation  in  these 
vessels,  tends  not  only  to  prevent  absorption,  but  also  to  inter- 
fere with  the  restoration  of  the  vascular  walls  to  a  normal  state, 
and  so  to  favor  a  continuance  of  the  exudation.  The  removal 
of  some  of  the  liquid  by  artificial  means  consequently  facilitates 
absorption  of  the  remainder.  When  the  process  is  protracted, 
the  subendothelial  connective  tissue  becomes  involved  and 
infiltrated  with  small  cells,  and  a  richly  vascular  granulation- 
tissue  is  formed  beneath  the  layer  of  proliferating  endothelium. 
The  endothelium  itself  becomes  less  abundant,  and,  if  the  in- 
flammation subsides,  the  new  granulation-tissue  gradually  de- 
velops into  connective  tissue,  and  thus  a  false  membrane  is 
formed,  rich  in  vessels,  which  takes  the  place  of  the  endothelial 
layer.     As  the  liquid  is  absorbed,  the  two  surfaces  of  the  mem- 
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brane  come  into   contact  and  grow  together,  the  new  vessels 
becoming  gradually  obliterated. 

If  the  inflammatory  process  does  not  subside,  or  is  from  its 
commencement  of  considerable  intensity,  it  may  be  attended  by 
the  formation  of  large  quantities  of  pus.  In  this  case  the  exu- 
dation of  blood-corpuscles  is  so  considerable  that  the  young 
elements  exist  in  large  enough  numbers  to  give  to  the  exuded 
liquids  a  purulent  character.  The  condition  is  then  termed 
empyema.  As  the  connective  tissue  becomes  involved,  a  granu- 
lation-tissue is  formed ;  and  this  may  continue  to  generate  pus 
like  an  ordinary  granulating  wound.  If  the  pus  be  removed, 
the  suppuration  may  gradually  cease,  the  granulation-tissue 
develop  into  a  fibrous  structure,  and  the  union  of  the  serous 
surfaces  thus  be  effected.  The  serous  membrane  becomes 
greatly  thickened,  and  the  new  tissue  undergoes  considerable 
contraction  in  the  process  of  its  organization,  producing  more 
or  less  retraction  of  the  chest-wall. 


CHAPTER  XXXIX. 

INFLAMMATION  OF  THE  LIVER. 

Inflammatory  processes  in  the  liver  comprise — perihepatitis, 
abscess,  and  cirrhosis. 

Perihepatitis. 

Inflammation  of  the  capsule  of  the  liver  leading  to  more  or 
less  thickening,  and  often  to  adhesions  with  adjacent  parts,  is 
met  with  under  various  circumstances.  Its  most  common 
causes  are:  the  chronic  peritonitis  of  Bright's  disease,  chronic 
alcoholism,  and  syphilis  (Goodhart).  The  changes  are  usually 
slight  and  of  but  little  pathological  import. 

In  some  cases,  however,  especially  in  cases  of  chronic  peri- 
tonitis (Hilton  Fagge),  the  process  is  more  extensive  and  leads 
to  marked  interference  with  the  functions  and  circulation  of  the 
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liver.  The  whole  capsule  becomes  considerably  thickened  and 
gradually  contracts,  thus  causing  compression  of  the  organ, 
which  assumes  a  globular  form.  The  portal  circulation  is  often 
interfered  with  by  the  squeezing  process,  and  ascites  with  other 
symptoms  of  portal  obstruction  may  result.  The  liver  itself, 
with  the  exception  of  some  atrophy  and  fatty  degeneration  of 
its  cells,  may  show  no  changes ;  but  sometimes  it  is  intersected 
by  bands  of  fibrous  tissue  passing  inward  from  the  capsule. 
The  latter  suggests  syphilis  as  the  cause  (see  p.  302). 

Hepatic  Abscess. 

Acute  inflammation  of  the  liver  leads  to  the  formation  of 
abscess.  The  abscess  may  be  single  or  multiple.  The  latter  are 
usually  small,  but  a  solitary  abscess  may  attain  an  enormous 
size.  Multiple  abscesses  are  most  frequently  due  to  pyaemia,  or 
to  some  inflammatory  lesion  in  connection  with  the  portal 
system — such  as  dysentery.  In  these  cases  the  abscess  is  of 
embolic  origin.  Inflammation  of  the  bile-ducts,  such  as  some- 
times results  from  gall-stones,  etc.,  and  external  violence,  are 
other  causes  of  suppurative  hepatitis. 

The  solitary  or  tropical  abscess  also  is  supposed  by  some  to  be 
secondary  to  some  inflammation  of  the  portal  viscera.  It  is 
known  to  be  often  associated  with  dysentery.  It  is  maintained 
by  many  that  it  is  due  to  a  primary  hepatitis,  and  doubtless 
cases  often  occur  in  which  no  intestinal  ulcer  or  other  obvious 
cause  is  discoverable.  The  pathology  of  this  disease  is,  however, 
at  present  obscure. 

Cirrhosis  of  the  Liver. 

Chronic  inflammation  of  the  liver  constitutes  the  condition 
known  as  Cirrhosis.  This  is  characterized  by  a  gradual  increase 
in  the  connective  tissue  of  the  organ,  and  by  the  subsequent 
atrophy  of  the  liver-cells,  so  that  when  examined  with  a  low 
magnifying  power  the  lobules  are  seen  to  be  separated  by  new 
interstitial  growth.     (Fig.  120.) 

Histology. — The  process,  like  that  of  chronic  inflammation 
in  other  organs,  consists  essentially  in  a  cellular  infiltration  of 
the  interlobular  connective  tissue  of  the  liver,  and  the  develop- 
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ment  of  a  more  or  less  highly  organized  fibroid  structure ;  the 
number  of  cells  being  proportionate  to  the  activity  of  the  pro- 
cess. The  new  tissue  is  supplied  with  new  bloodvessels,  derived 
from  branches  of  the  hepatic  artery. 

In  addition  to  this  cellular  infiltration  of  the  interlobular  con- 
nective tissue,  a  proliferation  of  the  bile-ducts  is  supposed  to 
occur  frequently  in  cirrhosis.     This  is  believed  by  Charcot  to 

take  place  in  those  cases  only  in 
^^^  ^^^'  which  there  exists  some  obstruc- 

li^^^y^^  "'"     ->  tion  of  the  ducts — the  so-called 

^^  "Biliary  Cirrhosis."    (See  "Eti- 

ology.")   Other  observers,  how- 
ever, state  that  new  ducts   are 
,  met   with    under   such   various 

_J'^     circumstances  that  their  exist- 
,y'       ence  is  of  no  etiological  value. 
(<-  \  -^  '  Goodhart  doubts  the  formation 

"■^'^      ^  ''  .^-  of  new  ducts,  but  thinks  the  old 

i/.';.yjjy/,~^gpj>'''^*""  ones  simply  become  more  con- 

(7^•n•W«  of  the  ler.  Showing  the  SpicUOUS  Owiug  tO  the  atrOphy 
growth  of  connective  tissue  between  the       of  the  liver-Cells.^      • 

hepatic  lobes,     a.  Lobules.     6.   New         The  liver-ccUs  are  Stated  by 

growth  of  interlobular  connective  tissue.  ,  ,  .  , 

^  jg  many  to  undergo  active  changes, 

and  to  contribute  to  the  forma- 
tion of  the  new  tissue.  They  are  in  many  cases  infiltrated  with 
fat — -fcdt^  infiltration  being  associated  with  the  cirrhosis.  (See 
Fig.  122.) 

The  general  distribution  of  the  new  tissue  is  described  by 
Charcot  as  multilobular,  unilobular,  and  intercellular.  In  the  mul- 
tilobular form,  groups  of  lobules  are  surrounded;  in  the  unilob- 
ular, each  lobule ;  and  in  the  intercellular,  the  growth  invades 
the  intercellular  network.  These  several  modes  of  distribution 
are  frequently  associated,  all  perhaps  being  found  in  difl:erent 
parts  of  the  same  organ ;  and  although  supposed  by  Charcot  to 
indicate  etiological  varieties,  the  differences  are  probably  to  be 
ascribed  rather  to  differences  in  the  activity  of  the  growth ;  the 
more  active  the  process,  the  more  uniform  and  general  the  dis- 
tribution. 

'  The  subject  is  ably  discussed  by  Dr.  Goodhart  in  his  "  Resume  of  Diseases  of 
Liver,"  New  Sydenham  Soc.  Atlas  of  Path.,  Fasc.  iv. 
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The  effect  of  the  new  growth  is  ultimately  to  cause  atrophy 
of  the  hepatic  cells,  and  to  obstruct  the  circulation  through  the 
portal  capillaries  and  the  passage  of  bile  through  the  bile-ducts. 
This  effect  is  materially  increased  by  the  process  of  contraction 
which  the  new  tissue  undergoes.  The  hepatic  cells  in  the  outer 
zone  of  the  lobules  are  the  first  to  atrophy.  The  cells  become 
smaller,  often  undergo  fatty  metamorphosis,  and  ultimately  are 
completely  destroyed.     (Fig.  121.)     Those  in  the  central  parts 


Fig.  121. 


Oirrhosis  of  the  liver.  A  thin  section  from  the  external  portion  of  one  of  the  hepatic 
lobules.  Showing  the  new  growth  of  connective  tissue,  and  the  way  in  which  it  involves 
the  intercellular  network  and  causes  atrophy  of  the  liver  cells.     X  200. 

of  the  lobule  are  in  the  earlier  stages  but  little  altered,  although 
they  are  often  stained  with  bile.  As  the  growth  extends,  how- 
ever, these  also  become  annihilated,  and  the  whole  lobule  may 
be  replaced  by  connective  tissue.  The  cells  in  the  outer  part  of 
the  lobules  are  sometimes,  as  already  stated,  infiltrated  with  fat 
prior  to  their  destruction.     (See  Fig.  122.) 

Physical  Characters. — The  physical  characters  of  the  cir- 
rhosed  liver  vary.  In  the  earlier  stages  of  the  disease  the  organ  is 
probably  always  more  or  less  increased  in  size;  the  enlargement 
being  almost  uniform,  and  the  edge  rounded  and  thickened. 
This  enlargement  very  often  exists  up  to  the  end  of  the  disease, 
but  in  many  cases  the  atrophy  of  the  liver-cells  and  the  contrac- 
tion of  the  new  tissue  lead  to  considerable  diminution  in  size. 
The  surface  of  the  organ  is  usually  more  or  less  irregular,  some- 
times "hobnailed;"'  the  extent  of  the  irregularity  depending 
upon  the  distribution  of  the  new  tissue  and  the  amount  of 
atrophy  that  has  taken  place.    A  multilobular  distribution  leads 
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to  much  greater  unevenness  of  the  surface  than  a  unilobular 
one.  The  consistence  of  the  organ  is  always  more  or  less 
increased,  although  in  some  cases,  where  the  process  is  very 
rapid,  the  increase  is  so  slight  as  easily  to  escape  observation. 
On  section,  the  new  tissue  is  often  visible  to  the  naked  eye  sur- 
rounding the  lobules,  and  in  many  parts  completely  replacing 


Fig.  122. 
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Liver      Cirrhosis  with  fatty  infiltration 


>  JO 


reduced  \ 


them.  This  gives  to  the  cut  surface  a  mottled  granular  appear- 
ance, the  lobules  themselves  contrasting  with  the  new  interlob- 
ular tissue ;  and  this  appearance  is  sometimes  increased  by  fatty 
infiltration  of  the  cells  in  the  peripheral  zone.  The  capsule  also 
may  be  thickened,  and  the  organ  is  frequently  stained  with  bile. 
The  great  increase  in  the  size  of  the  liver  which  exists  in 
some  cases  is  due  in  part  to  a  fatty  infiltration  of  the  liver-cells. 
(Fig.  122.)  In  those  cases,  also,  in  which  the  process  is  rapid, 
and  the  new  growth  consequently  very  general  in  its  distribu- 
tion— unilobular  and  often  intercellular — the  organ  is  usually 
large;  death  probably  supervening  before  time  has  been  allowed 
for  much  atrophy  and  contraction  to  take  place.  Some  of  the 
large  livers  are  supposed  to  be  due  to  obstruction  of  the  bile- 
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ducts,  and  have  been  termed  "biliary"  or  "hypertrophic"  cir- 
rhosis. The  existence  of  such  a  condition  is  disputed  by  some, 
especially  by  Goodhart. 

Etiology. — The  great  cause  of  cirrhosis  is  alcohol.  With  the 
exception  of  syphilis,  no  other  cause  can  be  regarded  as  proven. 
The  question  of  a  biliary  cirrhosis  must  at  present  remain  an 
open  one.  Cirrhosis  from  syphilis  has  already  been  described 
(p.  302).  In  the  congenital  disease  the  process  is  often  so 
general  in  its  distribution  as  closely  to  resemble  some  cases  of 
acute  alcoholic  cirrhosis. 

It  is  important  to  remember,  clinically,  that  cirrhosis  not 
only  obstructs  the  portal  circulation,  thus  giving  rise  to  ascites, 
hsematemesis,  diarrhoea,  enlargement  of  the  spleen,  etc.;  but 
that,  owing  to  the  destruction  of  the  liver-cells,  the  glycogenic 
function  of  the  organ  is  so  much  impaired  that  marked  inter- 
ference with  general  nutrition  results. 


Acute   Yellow   Atrophy. 

This  exceedingly  rare  disease  of  the  liver  is  characterized  by 
a  rapid  diminution  in  the  size  of  the  organ,  accompanied  by 
destruction  of  the  hepatic  cells.  The  liver  may,  in  the  course  of 
a  few  days,  be  reduced  to  less  than  half  its  natural  bulk,  being 
especially  diminished  in  thickness.  It  is  soft  and  flabby  in  con- 
sistence, bloodless,  and  of  a  dull  yellow  or  yellowish-red  color. 
The  lobules  are  indistinguishable.  When  examined  microscopi- 
cally, the  liver-cells  are  found  to  be  completely  destroyed,  being 
replaced  by  granular  debris,  fat  granules,  and  pigment.  Tyrosin 
and  leucin  have  been  found  in  the  disintegrated  liver-tissue. 
The  pathology  of  this  disease  is  exceedingly  obscure.  By  some 
it  has  been  regarded  as  a  passive  degeneration,  by  others  as  an 
acute  infective  inflammation.  Micrococci  have  been  found  in 
the  organ  in  early  stages  of  the  disease  by  Dreschfeld  and  others. 
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CHAPTER    XL, 


INFLAMMATION  OF  THE  KIDNEY. 


Inflammatory  processes  in  the  kidney  present  certain  varia- 
tions according  to  their  intensity.  They  comprise  suppurative, 
tubal,  and  interstitial  nephritis.  Of  these,  suppurative  nephritis, 
as  the  name  implies,  is  an  intense  inflammation  leading  to  the 
formation  of  abscess;  and  it  is  really  an  acute  interstitial  inflam- 
mation, although  the  term  "interstitial"  nephritis  is  generally 
applied  to  chronic  processes.  It  results  usually  from  the  trans- 
mission of  infective  materials  from  some  primary  lesion  (pysemic), 
or  is  associated  with  some  inflammatory  condition  of  the  lower 
urinary  passages.  Tubal  nephritis  is  also  an  inflammation  of 
considerable  intensit}',  and  in  it  the  structural  changes  have  their 
principal  seat  in  the  urine-tubes.  Interstitial  nephritis  is  an 
inflammatory  process  which  runs  a  more  chronic  course,  and  is 
of  less  intensity  than  either  of  the  preceding;  consequently  in 
it  the  principal  structural  changes  take  place  in  the  connective 
tissue  around  the  bloodvessels — in  the  intertubular  connective 
tissue  (p.  252).  It  must,  however,  be  distinctly  borne  in  mind 
that  these  two  varieties  of  histological  changes — those  in  the 
tubes  and  those  in  the  intertubular  connective  tissue — are  very 
constantly  associated.  Tubal  and  interstitial  nephritis  cannot 
therefore  be  separated  from  one  another  by  any  distinct  line  of 
demarcation.  They  might  be  more  correctly  designated  acute 
and  chronic  nephritis. 


Suppurative   Nephritis. 

Acute  inflammatory  processes  in  the  kidney  attended  by  the 
formation  of  pus,  give  rise  to  renal  abscesses.  Such  processes,  as 
already  stated,  often  result  obviously  from  the  transmission  by 
the  blood-stream  of  infective  particles  from  some  primary  focus, 
as  in  pyaemia,  or  they  arise  by  direct  extension  from  the  lower 
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urinary  passages.  In  the  latter  they  constitute  what  is  com- 
monly known  as  the  "  Surgical  Kidney." 

The  abscesses  met  with  in  the  kidney  as  the  result  of  pyaemia 
are  confined  principally  to  the  cortex,  and  resemble  pysemic 
abscesses  in  other  organs.  They  are  usually  multiple,  and  are 
often  surrounded  by  a  thin  zone  of  red  hypersemic  tissue.  Their 
size  varies  from  a  mere  point  up  to  that  of  a  filbert.  Their 
characters  have  been  already  described  in  the  chapter  on 
"Embolism"  (p.  227). 

Surgical  Kidney. — This  is  the  name  commonly  given  to 
those  inflammatory  conditions  of  the  kidney  which  result  from 
obstructive  and  inflammatory  diseases  of  the  lower  urinary 
passages.  They  occur  frequently  in  association  with  renal  and 
vesical  calculus,  obstructed  ureter,  urethral  stricture,  enlarge- 
ment of  the  prostate,  etc.  These,  and  similar  conditions,  act 
upon  the  kidneys  in  three  ways  :^ 

1.  By  obstructing  the  outflow  of  urine  from  the  pelvis.  Regurgi- 
tation from  the  bladder  probably  never  occurs :  but  as  a  result 
of  obstruction  from  any  cause  more  or  less  of  the  full  force  of 
secretion  acts  upon  the  ureter,  the  pelvis,  and  the  pyramids, 
and  extends  along  the  tubules  to  their  closed  ends.  This  chronic 
tension  is  a  common  cause  of  chronic  inflammation.  In  cases 
of  obstruction  to  the  outflow  from  one  kidney,  the  changes  are 
limited  to  it. 

2.  By  'producing  circulatory  changes  in  the  kidney  reflexly.  A 
close  relation  seems  to  exist  between  the  deeper  portions  of  the 
urethra,  the  prostate,  and  the  trigone,  the  parts  upon  which 
operations  are  performed,  and  the  kidneys.  An  intense  hyper- 
eemia  due  to  irritation  of  the  nerves  of  these  parts  might  in 
extensively  diseased  organs  lead  to  arrest  of  the  circulation  and 
death  from  suppression  of  urine. 

3.  By  extension  of  decomposition  from  the  bladder  to  the  kidneys, 
and  irritation  of  the  latter  by  septic  products.  As  regurgita- 
tion does  not  occur,  decomposition  often  remains  long  limited 
to  the  bladder.  Extension  perhaps  takes  place  along  ropy 
mucus  lying  as  a  cord  in  the  opening  of  the  ureter  when  this 
has  become  inflamed  from  other  causes. 

1  The  views  here  expressed  are  in  accordance  with  the  teaching  of  Marcus  Beck. 
"  Nephritis  and  Pyelitis  consecutive  to  Affections  of  the  Lower  Urinary  Tract," 
Eeynolds's  System  of  Medicine,  vol.  v. 


348 


INFLAMMATION    OF    THE    KIDNEY. 


The  changes  in  the  kidney  vary  from  the  most  chronic  pro- 
ductive inflammation  to  an  acute  suppurative  process. 

Simple  long-continued  increase  of  urinary  pressure  resulting 
from  some  obstruction  to  the  flow  of  urine  gives  rise  to  chronic 
renal  changes,  which  are  characterized  mainly  by  more  or  less 
cellular  infiltration  of  the  intertubular  connective  tissue.  ("In- 
terstitial Nephritis.")  This  cellular  infiltration,  which  is  exceed- 
ingly irregular  in  its  distribution,  occurs  both  in  the  pyramids 
and  cortex.  The  tubules  are  in  some  parts  found  blocked  with 
epithelium,  Avhilst  in  others  they  are  wasted  or  obliterated.  The 
walls  of  the  small  arteries  are  not  thickened.  Owing  to  these 
changes,  the  kidneys  are  somewhat  enlarged,  the  capsule  is 
slightly  adherent,  the  cut  surface  paler  than  natural,  and  the 
consistence  of  the  organs  abnormally  tough.     As  the  process 

Fig.  123. 


Surgical  kidney.  At  the  lower  part  of  the  figure  is  seen  the  cellular  infiltration  of  the 
intertubular  tissue,  and  the  blocking  of  the  tubes  with  epithelium  and  leucocytes.  At 
the  upper  part  there  is  the  commencing  formation  of  an  abscess.     X  100. 


proceeds  the  pyramidal  portions  gradually  become  absorbed, 
the  absorption  commencing  at  the  papillae  and  extending  until- 
ultimately  not  only  the  pyramids,  but  also  the  thickened  cortex 
may  disappear,  and  the  kidney  be  converted  into  a  large  cj'st. 
If,  on  the  other  hand,  the  urinary  obstruction  be  removed,  the 
processes  of  inflammation  and  absorption  may  cease,  and  the 
indurated  kidney  will  then  become  contracted. 
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Fig    124. 
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In  other  cases,  when  the  urinary  obstruction  is  associated  with 
inflammation  of  the  lower  urinary  passages,  the  process  is  much 
more  acute,  the  cellular  infiltration  of  the  intertubular  tissue 
is  much  more  abundant,  and  leuco- 
cytes accumulate  in  certain  situations 
in  such  numbers  as  to  give  rise  to 
abscesses.  (Fig.  123.)  The  cortex  of 
a  kidney  in  such  a  case  is  thickened, 
soft,  and  pale  as  compared  with  the 
deep  red  pj^ramids ;  its  consistence, 
however,  will  vary  with  the  presence 
or  absence  of  chronic  interstitial 
changes.  The  capsule  strips  easily, 
often  tearing  the  substance  a  little, 
and  exposing  on  the  surface  groups 
of  yellow  spots  usually  not  larger 
than  a  lentil,  and  each  surrounded 
by  a  red  zone.  Many  of  these  con- 
tain a  drop  of  pus.  On  section, 
yellow  streaks  are  often  seen  ex- 
tending from  the  superficial  lesions 
into  the  cortex ;  others  exist  in  the 
pyramids.  The  pelvis  is  generally 
intensely  inflamed. 

Klebs  described  many  of  the 
tubules,  even  the  convoluted,  as 
crammed  with  micrococci.  These 
seem  to  ascend  from  the  pelvis  along 
the  tubules,  distending  them  greatly 
and  setting  up  irritative  and  degen- 
erative processes  along  their  line  of 
passage.  When  stained  with  an  ani- 
line dye,  the  appearance  shown  in 
Fig.  124,  from  a  specimen  of  Mr. 

Boyd's,  is  seen.  It  is  extremely  probable  that  these  organisms 
are  the  cause  of  the  suppuration.  Though  very  often  the  urine 
in  the  pelvis  of  such  kidneys  is  septic,  it  is  not  necessarily  so. 


Surgical  kidney  Showing  clouds 
of  micrococci  ascending  along  the 
tubules.  Almost  all  nuclei  have 
gone  from  their  vicinity.  They 
seem  to  have  caused  necrosis  or  de- 
generation of  the  tissues.     X  about 
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Tubal   Nephritis. 

Tubal,  parenchymatous,  or  acute  Tiephritis,  is  that  subacute 
iniiammation  of  the  kidney  which  constitutes  the  more  acute 
forms  of  Bright's  disease — those  which  are  characterized  by  a 
more  or  less  marked  beginning,  scanty  and  highly  albuminous 
urine,  and  dropsy.  In  its  more  advanced  stages  it  is  the  large 
kidney  of  chronic  Bright's  disease. 

The  changes  which  take  place  in  the  kidney  have  their  seat 
mainly  in  the  cortex.  They  comprise  increased  vascularity  and 
exudation  into  the  urine-tubes,  with  swelling,  and,  later,  prob- 
ably proliferation  of  the  tubular  epithelium.  The  prominence 
of  the  vascular  phenomena,  however,  varies  very  considerably 
in  different  cases. 

In  the  most  acute  cases  of  Bright's  disease — those  which  are 


Fig.  125. 


Tubal  nejihritis.  The  earlier  stage  of  the  process.  Showing  the  swelling  of  the  tubular 
epithelium,  and  some  exudation  products  in  the  urine-tubes.  In  some  of  the  tubes  the 
epithelium  has  fallen  out  during  the  preparation  of  the  section.     X  200. 


induced  suddenly  as  from  exposure  to  cold,  the  vascular  changes 
are  marked.  In  these  cases  the  contraction  of  the  cutaneous 
vessels  and  the  check  to  the  function  of  the  skin  caused  by  the 
chilling  of  the  surface,  lead  to  considerable  hypereemia  of  the 
organs.     There   is   abundant   exudation   into  the  urine-tubes, 


TUBAL    NKI'IIRITIS.  351 

many  of  the  capillaries  at  the  same  time  frequently  rupture,  and 
thus  there  is  an  escape  of  blood-corpuscles  and  of  liquor  san- 
guinis into  the  tubes  of  the  cortex;  hence  the  blood  and  "blood- 
casts"  in  the  urine  which  are  so  characteristic  of  the  early  stages 
of  these  most  acute  forms  of  the  disease.  In  this  stage  the  pro- 
cess may  quickly  subside,  and  with  the  exception  of  some  swell- 
ing and  desquamation  of  the  tubular  epithelium,  no  further 
alterations  take  place  in  the  kidney. 

In  the  less  acute  cases,  those  known  as  chronic  Bright's  disease 
with  large  kidney,  the  vascular  phe- 
nomena are  less  marked,  and  changes  in  I'ig.  126. 
the  tubular  epithelium  are  more  promi- 
nent. The  epithelial  elements  become 
swollen  and  granular.  (Fig.  125.)  The 
granules,  which  are  often  so  numerous 
as  to  occlude  the  nucleus  of  the  cell,  are 
soluble  in  acetic  acid,  and  thus  differ 
from  molecular  fat.  This  is  the  condi- 
tion known  as  "cloudy  swelling."  Many 
small  cells  also  are  seen  within  the  tubes,        ^"*"^  nephritis-a  single 

urine  tube.     Showing  the  ac- 

and  these  have  been  supposed  to  be  the  cumulation  within  the  tube. 
products  of  epithelial  proliferation.  It  is  in  the  few  epithelial  ceiis 
probable  that  some  of  them  are  thus  pro-     ^^^^"^  ^""^^  "''^p'*^'  ^'  '""'^ 

^  .       ,  '-  the  granular  condition  of  the 

duced,   although   the  majority  must   be     protoplasm,    x  200. 
regarded    as   having   escaped   from   the 

vessels.  Owing  to  these  changes  the  tubes  become  distended 
with  cellular  elements.     (Fig.  126.) 

In  addition  to  the  cell-forms,  many  of  the  tubes  also  contain 
hyaline  cylinders,  which  are  commonly  regarded  as  consisting 
of  coagulated  substances  which  have  escaped  from  the  vessels. 
By  many  pathologists,  however,  this  hyaline  material  is  sup- 
posed to  be  the  product  of  a  mucoid,  or  some  allied,  metamor- 
phosis of  the  epithelium.  The  cell-forms  contained  within  the 
tubes  adhere  to  this  hyaline  substance,  and  some  of  them  are 
washed  away  and  appear  in  the  urine  as  "epithelial  casts."  A 
varying  number  of  emigrant  leucocytes  also  are  usually  found 
around  the  Malpighian  tufts. 

The  alterations  which  these  changes  produce  in  the  physical 
characters  of  the  kidneys  vary  according  to  the  extent  of  the 
hypersemia.     The  organs  are  always  considerably  increased  in 
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size,  and  more  or  less  abnormally  vascular.  The  capsule  sepa- 
rates readily,  exposing  a  perfectly  smooth  but  vascular  surface. 
The  consistence  is  diminished,  the  tissue  breaking  with  a  soft, 
friable  fracture  On  section,  the  increase  in  the  size  of  the  organ 
is  seen  to  be  principall}'  due  to  the  increased  thickness  of  the 
cortex.  This  is  either  of  a  reddish-brown,  or  of  an  opaque- 
white  or  pale  buiF  color;  these  differences  depending  upon  the 
relative  proportion  of  blood  and  of  accumulated  intratubular 
elements.  Although  in  the  earliest  stage  of  the  most  acute 
forms  of  the  disease  the  color  is  redder  than  natural,  it  usually 
soon  becomes  pale  and  opaque.  This  is  owing  to  the  swelling 
of  the  epithelial  elements  and  to  the  accumulation  in  the  cortical 
tubes.  The  blood  becomes  expressed  from  the  intertubular  ves- 
sels, and  hence  the  increased  vascularity  is  most  evident  in  the 
Malpighian  corpuscles,  beneath  the  capsule,  and  in  the  pyramidal 
portions  of  the  organ.  The  Malpighian  corpuscles  stand  out  as 
prominent  red  points,  and  the  pyramidal  cones  are  of  a  deep  red 
color,  thus  contrasting  strongly  with  the  pale  opaque  cortex. 

The  termination  of  the  process  varies.  The  increased  vascu- 
larity and  epithelial  change  may,  as  alread}'  stated,  subside,  and 
the  inflammatory  products  passing  away  in  the  urine,  the  organ 
gradually  returns  to  its  normal  condition.  In  other  cases  the 
disease  continues;  and  although  the  vascularity  diminishes,  the 
vitality  of  the  epithelial  elements  becomes  so  much  impaired 
that  they  undergo  retrogressive  changes.  The  cells  then  con- 
tinue to  come  away  with  the  urine,  adherent  to  the  casts,  but 
instead  of  presenting  the  swelled  granular  appearance  as  in  the 
earlier  stage  of  the  disease,  they  contain  molecular  fat.  This 
fat  gradually  increases  in  amount  as  the  degeneration  proceeds, 
until  ultimately  the  cells  are  destroyed,  and  it  appears  as  free 
molecules  and  granules  on  the  tube-casts. 

This  fatty  degeneration  of  the  epithelium  is  attended  b}'  cor- 
responding changes  in  the  appearance  of  the  organ.  The  red- 
ness diminishes,  and  the  Malpighian  corpuscles  are  less  promi- 
nent. The  enlarged  cortex  presents  a  yellowish-white  tinge, 
studded  with  minute  yellowish  streaks.  This  is  owing  to  the 
presence  of  fat  in  the  tubes  of  the  cortex.  This  fatty  stage,  if 
only  slightly  advanced,  may  undoubtedly  pass  off.  The  degen- 
erated cells  are  carried  away  by  the  urine,  from  those  which 
remain  in  the  tubes  the  fat  is  probably  partially  absorbed,  the 
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retrograde  process  gradually  ceases,  and  the  organ  returns  to 
nearly  its  normal  size  and  condition.  In  other  cases  the  degen- 
eration continues,  and,  owing  to  the  loss  of  epithelium,  the  kidney 
becomes  somewhat  diminished  in  size.  This  atrophy,  however, 
I  believe  never  occurs  without  changes  in  the  intertubular  con- 
nective tissue. 

When  the  inflammatory  process  is  of  longer  duration,  or 
when  the  kidneys  are  the  seats  of  repeated  attacks  of  subacute 
inflammation,  the  intertubular  connective  tissue  invariably  becomes 
involved.  This  tissue  becomes  infiltrated  with  small  cells  which 
ultimately  tend  to  form  a  tibrillated  structure.  (Fig.  127.)  The 
new  intertubular  growth  may  gradually  increase,  and  so  lead  to 

Fig.  127. 


Tubal  Nephritis.  Duration  of  disease,  six  months.  Kidnejs  large;  capsules,  non- 
adherent: surface,  smooth;  tissue,  soft.  Showing,  in  addition  to  the  intratubular  change, 
the  cellular  infiltration  of  the  intratubular  connective  tissue.     X  200. 

more  or  less  irregular  atrophy  of  the  organ,  such  as  will  be 
described  as  occurring  in  interstitial  nephritis.  (See  "  Inter- 
stitial l!^ephritis.")  In  other  cases  death  ensues  before  marked 
atrophy  has  taken  place,  and  thus  the  organ  may  remain  smooth 
and  large  to  the  termination  of  the  disease.  The  intertubular 
growth  is  sometimes  found  thickly  studded  with  fatty  granules. 

Scarlatinal  Nephritis. 

The  changes  which  take  place  in  the  kidney  in  scarlatina 
were  formerly  regarded  as  precisely  similar  to  those  which  have 
been  just  described  as  tubal  nephritis.     Kecent  investigations, 
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however,  show  that  this  view  requires  considerable  modification. 
It  has  long  been  known  that  in  scarlatina  cases  sometimes  occur 
in  which  the  kidney-change  differs  from  the  type  of  ordinary 
acute  nephritis;  and  such  cases  have  been  described  by  Prof. 
Klebs  as  glomerulo-nephriiis.  It  is  mainly,  however, owing  to  the 
more  recent  researches  of  Dr.  Klein  that  any  exact  knowledge 
of  the  scarlatinal  kidney  exists.^  The  changes  as  described  by 
Dr.  Klein  may  be  thus  briefly  summarized: 

The  earliest  changes — those  occurring  during  the  first  week 
of  the  disease — comprise  : 

1.  Increase  of  the  nuclei  covering  the  glomeruli  of  the  Mal- 
pighian  corpuscles. 

2.  Hyaline  degeneration  of  the  elastic  intima  of  minute  arte- 
ries, especially  of  the  afferent  arterioles  of  the  Malpighian  cor- 
puscles. This  change  produces  a  swelling  of  the  intima,  so  as 
in  some  places  to  cause  a  distinct  narrowing  of  the  lumen  of  the 
vessel.  The  capillaries  of  the  Malpighian  corpuscles  are  in  parts 
altered  in  the  same  way,  in  consequence  of  which  many  of  them 
become  impermeable. 

These  marked  and  early  changes  in  the  Malpighian  corpuscles 
are  important,  as  helping  to  explain  those  cases  occasionally  met 
with,  in  which  death  occurs  from  anuria  and  ursemia,  and  no 
catarrhal  or  other  conspicuous  alterations  are  found  in  the 
kidneys. 

3.  Multiplication  of  the  nuclei  of  the  muscular  coat  of  the 
minute  arteries,  and  a  corresponding  increase  in  the  thickness 
of  the  walls  of  these  vessels. 

4.  Cloudy  swelling  of  the  epithelium  in  the  convoluted  tubes, 
with  multiplication  of  the  epithelial  nuclei.  Granular  matter 
and  even  blood  may  also  be  found  in  the  tubes  and  in  the  cavity 
of  Bowman's  capsules.  These  parenchymatous  changes  are  in 
the  early  stages  of  the  disease  but  little  marked. 

The  later  changes — those  occurring  after  the  first  week — 
consist  in  : 

5.  A  cellular  infiltration  of  the  intertubular  connective  tissue 
of  the  cortex  (interstitial  nephritis),  together  with  an  increase  in 
the  epithelial  changes,  and  a  crowding  of  the  tubes  with  small 

'  "  The  Anatomical  Changes  of  the  Kidney  and  other  Organs  in  Scarlatina  of 
Man,"  by  Dr.  Klein;  Trans.  Path.  Soc.  Lend.,  1877,  vol.  xxviii. 
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round  cells  (leucocytes).  The  cellular  infiltration  commences 
around  the  larger  vascular  trunks,  whence  it  spreads  rapidly 
into  the  bases  of  the  pyramids,  and  especially  into  the  cortex. 
As  it  increases,  the  epithelium  undergoes  fatty  degeneration, 
and  the  urine-tubes  gradually  become  obliterated. 

Interstitial  Nephritis. 

Interstitial  or  chronic  nephritis  is  characterized  by  a  gradual 
increase  of  the  connective  tissue  of  the  kidney  and  by  atrophy 
of  the  tubular  structures.  This,  as  has  been  seen,  occurs  in  the 
more  advanced  stages  of  tubal  nephritis  (see  Fig.  127) ;  in  scar- 
latinal nephritis;  and  also  as  a  result  of  obstruction  in  the  lower 
urinary  passages.     But  it  is  most  frequent,  and  constitutes  the 


Fig.  128. 


Interstitial  nephritis.  The  earlier  stage  of  the  process.  Showing  the  cellular  infiltra- 
tion of  the  intertubular  connective  tissue.  The  epithelium  has  fallen  out  of  some  of  the 
tubes  during  the  preparation  of  the  section.     X  200. 

most  prominent  structural  change  in  that  variety  of  Bright's 
disease  which  is  known  as  chronic  Bright's  disease  with  con- 
tracted kidney,  and  which  is  characterized  clinically  by  insidious 
onset,  increased  secretion  of  urine  with  the  absence  both  of 
marked  albuminuria  and  of  dropsy.  It  must,  however,  be  dis- 
tinctly understood  that  no  line  of  demarcation  is  to  be  drawn 
histologically  between  inter-  and  w^ra-tubular  changes ;  or 
clinically  between  the  two  varieties  of  Bright's  disease.     In- 
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tertubular  changes  are  most  marked  as  the  result  of  long-con- 
tinued irritation,  and  they,  therefore,  constitute  the  prominent 
histological  feature  in  the  most  chronic  forms  of  this  disease. 

In  these  most  chronic  cases  the  changes  in  the  kidneys  being 
so  exceedingly  gradual  in  their  onset,  are  not  preceded  by  any 
marked  vascular  phenomena  or  by  any  alterations  in  the  tubular 
epithelium.  The  first  change  appears  to  consist  in  some  cellular 
infiltration  of  the  intertubular  connective  tissue  (Fig.  128) ;  but 
usually  owing  to  the  chronicity  of  the  process  the  cells  are  not 
numerous.  The  cortical  portion  of  the  kidney  is  principally 
involved,  and  although  here  the  change  is  more  or  less  general, 
the  new  growth  is  more  abundant  in  some  parts  than  in  others, 
being  usually  most  so  around  the  Malpighian  bodies  and  in  the 
neighborhood  of  the  capsule,  with  which  it  is  closely  united. 
In  this  stage  the  tubes  and  their  epithelium  are  often  unafiected. 

Fig.  129. 
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Interstitial  nephritis.    An  advanced  stage  of  the  process.    Showing  the  intertubular  tissue 
with  the  granular  and  fatty  debris  which  results  from  the  degeneration.    X  100. 

In  the  early  stage,  the  kidney  may  be  of  natural  size,  the 
capsule  usually  separates  less  readily  than  in  health,  and  the 
surface  of  the  organ  is  slightly  granular.  On  section,  the  cor- 
tical substance  is  in  some  cases  paler,  in  others  redder,  than 
natural.  The  cut  surface  also  looks  obscurely  granular;  and 
the  consistence  of  the  kidney  is  usually  slightly  dense  and 
tough.     As  the  process  proceeds,  the  tubular  structures  gradu- 
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ally  atrophy.  This  is  probably  mainly  owing  to  the  pressure 
exercised  by  the  intertiibular  growth,  and  to  the  cicatricial  con- 
traction which  it  undergoes.  The  atrophy  consequently  is  not 
uniform,  but  is  more  marked  in  some  parts  than  in  others.  The 
tubes  are  now  found  in  many  parts  diminished  in  size,  or  com- 
pletely obliterated;  whilst  in  others  they  are  irregularly  dilated, 
and  filled  with  degenerated  epithelial  products.  Their  walls 
are  usually  thickened.  As  the  atrophy  proceeds  the  inter- 
tubular  tissue  thus  becomes  mingled  with  the  granular  and  fatty 
debris  which  results  from  the  retrograde  process.  (Fig,  129.) 
The  Malpighian  bodies  become  approximated^  and  the  secreting 
structure  throughout  large  tracts  of  the  kidney  is  destroyed. 
(Fig.  130.)     The  irregular  pressure  exercised  by  the  new  growth 

Fig.  130. 


Interstitial  nephritis.  A  very  advanced  stage  of  the  process.  Showinoj  the  large 
amount  of  tissue  between  the  tubes  of  the  cortex,  and  the  extensive  atrophy  of  the  tubes. 
The  degenerated  epithelium  which  was  contained  in  some  of  the  tubes  has  fallen  out  in 
the  preparation  of  the  section.     X  50- 

gives  rise  also  to  the  formation  of  cysts.  These  originate  partly 
in  the  Malpighian  capsules,  and  partly  in  the  urine-tubes — the 
latter  becoming  irregularly  dilated. 

The  small  arteries  of  the  kidney  also  undergo  important 
alterations.  These  were  first  described  by  Dr.  Johnson.  Dr. 
Johnson  states  that  the  walls  of  these  vessels  are  thickened, 
owing  to  hypertrophy  of  their  circular  muscular  fibres;  this 
change  is  well  represented  in  the  accompanying  drawing. 
(Fig.  131.)    The  external  fibrous  coat  of  the  vessel  is  also  thick- 
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ened,  aud  it  appears  to  be  continuous  with  the  new  intertubular 
tissue.  This  thickening  of  the  external  coat  has  been  especially 
insisted  upon  by  Sir  W.  Gull  and  Dr.  Sutton.     I  have  usually 

Fig.  131. 


Arteries  from  contracted  kidney  of  advanced  chronic  Rright's  disease,  a.  Longitudinal 
section,  showing  the  great  thickening  of  the  circular  muscular  coat,  also  of  the  outer 
fibrous  coat,  and  the  internal  connective-tissue  layer.  h.  Transverse  section  of  another 
vessel  less  diseased.  Here  is  seen  the  thickening  of  the  circular  muscular  and  external 
fibrous  coat.     X  200. 

found  it  associated  with  muscular  hypertrophy,  which  is  un- 
doubtedly the  most  prominent  structural  change.  Similar 
changes  occur  in  the  vessels  of  other  parts. 

In  this  more  advanced  stage  of  the  disease  the  kidney  is 
diminished  in  size.  Its  surface  is  more  granular,  the  capsule 
more  thickened  and  adherent,  and  it  cannot  be  removed  with- 
out tearing  the  kidney-substance.  The  superficial  vessels  are 
seen  unduly  marked  in  the  depressions  between  the  granula- 
tions The  cortex  is  tough  and  librous,  of  a  reddish,  yellowish- 
gray,  or  buff  color,  mottled  with  yellow  streaks  and  patches; 
and  usually  numerous  small  cysts  are  distributed  throughout  it. 
Calcareous  deposits  also  are  sometimes  seen  as  white  streaks 
between  the  tubes  of  the  pyramids. 
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INFLAMMATION    OF    THE    LUNGS. 


In  the  lungs,  inflammatory  processes  comprise  the  three 
following  principal  varieties :  croupous,  broncho-  or  catarrhal,  and 
chronic  or  interstitial  pneumonia.  Of  these,  the  former  occurs  as 
an  independent  affection,  whereas  the  two  latter  are  usually 
the  result  of  some  antecedent  bronchial  or  pulmonary  inflam- 
mation. 

Croupous  Pneumonia. 

Croupous,  exudative,  or  lobar  pneumonia  is  that  form  of  pul- 
monary inflammation  w^hich  is  met  with  in  the  disease  known 
as  Acute  Pneumonia.  This  is  now  known  to  be  a  general  disease, 
of  which  the  pneumonic  consolidation  is  the  prominent  local 
lesion;  and  its  clinical  history  suggests  the  probability  of  a 
special  organism  as  its  cause.     (See  chapter  on  "  Organisms.") 

The  local  process  is  characterized  by  intense  inflammatory 
hypersemia  of  the  lung,  and  by  the  exudation  of  a  large  amount 
of  coagulable  material  into  the  pulmonary  tissue.  It  is  termed 
"  croupous  "  by  the  Germans,  from  the  supposed  resemblance 
of  the  histological  process  to  that  of  croup.  The  term  "  lobar" 
is  applied  to  it  because  it  almost  invariably  affects  an  extensive 
portion  of  the  lung.  The  process  is  commonly  described  as 
consisting  of  three  stages — 1st,  that  of  engorgement ;  2d,  that  of 
red  hepatization  ;  and,  3d,  that  of  gray  hepatization. 

In  the  Jirsi  stage,  that  of  engorgement,  the  lung  becomes  ex- 
ceedingly vascular,  the  changes  in  the  bloodvessels  and  circula- 
tion being  such  as  have  been  already  described  as  characteristic 
of  inflammation.  The  organ  is  of  a  dark  red  color,  its  specific 
gravity  and  absolute  weight  are  increased,  its  elasticity  is  di- 
minished, it  is  less  crepitant  and  more  friable  than  natural,  and 
pits  upon  pressure.  Its  cut  surface  yields  a  reddish,  frothy, 
tenacious  liquid. 

In  the  second  stage,  that  of  red  hepatization,  there  is  an  exuda- 
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tion  of  liquor  sanguinis  and  migration  of  blood-corpuscles  into 
the  pulmonary  tissue.  Some  of  the  vessels  may  also  rupture, 
and  thus  small  extravasations  occur.  The  exuded  liquids  co- 
agulate within  the  air-vesicles  and  terminal  bronchioles,  the 
coagulum  enclosing  numerous  white  and  some  red  blood-cor- 
puscles.    (Fig.  132.)     It  is  stated  by  some  German  pathologists 

Fig.  182. 


Croupous pneumoyiia — red  hepatization.  Showing  the  fibrinous  coagulum  in  one  of  the 
pulmonary  alveoli,  enclosing  within  its  meshes  numerous  leucocytes,  which  are  already 
commencing  to  undergo  fatty  metamorphosis.  A  few  leucocytes  also  are  seen  on  the 
alveolar  walls,  and  the  alveolar  epithelium  is  swollen  and  granular.     X  200. 


that  the  coagulum  is  in  part  produced  by  certain  changes  in  the 
epithelium  like  those  believed  to  occur  in  croup.  (See  "  Croup- 
ous Inflammation  of  Mucous  Membranes.")  The  lung  is  now 
much  heavier  than  in  the  preceding  stage,  and  is  increased  in 
size,  so  as  to  be  often  marked  by  the  ribs.  It  is  quite  solid, 
sinks  in  water,  and  cannot  be  artificially  inflated.     It  does  not 
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crepitate  under  the  fingers,  and  is  remarkably  friable,  breaking 
down  readily  with  a  soft  granular  fracture.  The  cut  surface 
has  a  markedly  granular  appearance,  seen  especially  when  the 
tissue  is  torn.  This  is  owing  to  the  plugs  of  coagulated  exuda- 
tion-matter which  fill  the  alveoli.  The  color  is  of  a  dark  red- 
dish-brown, often  here  and  there  passing  into  gray.  This  ad- 
mixture with  gray  sometimes  gives  a  marbled  appearance. 
Throughout  this  stage  there  appears  to  be  but  little  alteration 
either  in  the  alveolar  walls  or  in  the  alveolar  epithelium.  On 
the  former  are  often  seen  a  few  leucocytes,  and  the  latter  is  usu- 
ally swollen  and  granular.  (Fig.  132.)  The  pleura  covering  the 
solid  lung  always  participates  more  or  less  in  the  inflammatory 
process.     It  is  opaque,  hypersemic,  and  coated  with  lymph. 

The  third  stage,  that  of  gray  hepatization,  is  characterized  by 
a  continuance   in  the  emigration  of  leucocytes,  and  by  more 


Fig.  133. 


Croupous  pneumonia — gray  hepatization.  Showing  the  large  accumulation  of  cellular 
elements  within  one  of  the  pulmonary  alveoli,  which  in  some  parts  have  undergone  such 
extensive  fatty  degeneration  that  their  distinctive  outlines  are  no  longer  visible.     X  200. 


marked  changes  in  the  epithelium.  The  white  blood-corpuscles 
continue  to  escape  from  the  vessels,  their  number  within  the 
alveoli  gradually  increasing.  The  epithelial  cells  lining  the 
alveolar  walls  become  more  swollen  and  granular.     The  pulmo- 
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nary  alveoli  thus  become  completely  filled  with  cells,  so  that 
the  fibrinous  exudation  is  no  longer  visible  as  an  independent 
material,  as  it  is  in  the  stage  of  red  hepatization.  (See  Fig.  132.) 
The  fibrinous  material  now  disintegrates,  and  the  cells  rapidly 
undergo  retrogressive  fatty  changes,  so  that,  as  usually  seen, 
the  alveoli  are  filled  with  granular  elements,  which  in  many 
parts  have  lost  their  distinctive  outlines.  (Fig.  133.)  The  al- 
veolar walls  themselves,  with  few  exceptions,  remain  throughout 
the  process  unaltered,  although  occasionally  when  this  stage  is 
unusually  advanced,  they  may  be  found,  here  and  there,  partially 
destroyed.  The  weight,  density,  and  friability  of  the  lung  now 
become  even  greater  than  in  the  stage  of  red  hepatization,  al- 
though the  granular  aspect  of  the  cut  surface  is  much  less 
marked.  The  tissue  is  now  quite  soft  and  pulpy,  and  a  puri- 
form  liquid  exudes  from  its  cut  surface.  The  most  prominent 
feature,  however,  is  the  alteration  which  takes  place  in  the  color 
of  the  organ.  This  gradually  changes  from  a  dark  reddish- 
brown  to  a  gray  or  yellowish-white.  This  is  owing  partly  to 
the  pressure  exercised  upon  the  bloodvessels  by  the  exuded 
substances  and  newly  formed  cells,  and  partly  to  the  fatty  de- 
generation which  the  latter  have  undergone.  The  stage  of 
gray  hepatization,  when  far  advanced,  has  been  termed  "  sup- 
puration of  the  lung." 

Although  these  three  stages  of  the  pneumonic  process  have 
been  described  as  succeeding  one  another  in  orderly  succession, 
it  must  be  remembered  that  each  stage  does  not  occur  simul- 
taneously throughout  the  whole  of  the  afifected  area  of  the  lung. 
The  changes  advance  irregularly,  so  that  whilst  one  portion  of 
the  lung  is  in  the  stage  of  red  hepatization,  another  may  be  in 
the  gray  stage — hence  the  mottled,  marbled  appearance  of  the 
consolidation.  The  rapidity  also  with  which  the  several  stages 
succeed  one  another  is  subject  to  marked  variations.  In  some 
cases  the  pneumonic  consolidation  very  rapidly  becomes  gray, 
whilst  in  others  the  time  occupied  in  the  transition  is  much 
longer. 

The  pneumonic  process  inay  terminate  in  the  four  following 
ways: 

1st.  In  Resolution.  The  gradual  return  of  the  lung  to  its 
normal  condition  is  the  natural  and  much  the  most  frequent 
termination  of  croupous  pneumonia.     This  is  efl:ected  by  the 
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fatty  and  mucoid  degeneration  of  the  inflammatory  products 
which  have  accumulated  within  the  alveoli,  which  thus  become 
so  altered  that  they  can  be  removed  by  absorption  ;  together 
with  the  return  of  the  bloodvessels  to  a  normal  condition  and 
the  establishment  of  the  circulation.  Granular  pigment,  derived 
from  the  escaped  red  corpuscles,  is  often  mixed  with  the  softened 
matters,  and  appears  in  the  expectoration.  Where  this  process 
of  resolution  is  taking  place  in  the  lung,  the  granular  appear- 
ance of  its  cut  surface  is  completely  lost ;  it  is  of  a  yellowish- 
gray  color,  and  a  tenacious  puriform  liquid  can  be  expressed 
from  its  substance. 

2d.  In  Abscess.  The  formation  of  abscess  is  a  rare  result  of 
pneumonia.  Such  a  result  appears  to  be  favored  by  a  bad  con- 
stitution, and  by  any  circumstances  which  tend  to  impair  the 
general  health,  especially  the  abuse  of  alcohol.  The  abscess  is 
more  common  in  the  upper  than  in  the  lower  lobes.  Circum- 
scribed gangrene  of  the  lung  also  may  occasionally  terminate  in 
abscess.  This  takes  place  by  the  expulsion  of  the  necrosed 
tissue  through  the  bronchi,  and  the  formation  of  a  layer  of 
granulation-tissue  upon  the  walls  of  the  cavity,  which  generates 
pus.  The  cavity  may  ultimately  close  by  granulation  and  cica- 
trization. These  abscesses  of  primary  origin  are  usually  single, 
and  thus  difier  from  those  due  to  pyaemia. 

3d.  In  Gangrene.  This,  which  is  also  rare,  is  most  common 
in  chronic  drunkards  and  in  those  of  debilitated  constitution. 
Two  conditions  appear  to  be  principally  concerned  in  bringing 
about  this  result:  one  is  the  interference  with  the  supply  of 
blood  by  the  extensive  formation  of  coagula  in  the  pulmonary 
and  bronchial  vessels,  together  with  considerable  hemorrhage 
into  the  pulmonary  tissue;  the  other  is  the  injurious  influence 
of  septic  inflammatory  products.  The  gangrene  is  usually 
limited  to  a  small  area  of  the  pneumonic  lung,  and  is  either 
diffuse  or  circumscribed. 

4th,  In  Chronic  Pneumonia.  If  the  inflammatory  process  does 
not  subside,  and  the  exuded  substances  are  not  absorbed,  the 
alveolar  walls  gradually  become  involved.  These  become 
thickened  by  a  new  growth  of  fibro-nucleated  tissue,  and  thus  is 
produced  more  or  less  flbroid  induration  of  the  organ.  (See 
"Interstitial  Pneumonia.")  This  termination  of  croupous  pneu- 
monia is  comparatively  rare. 
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Bronclio-  or  Catarrhal  Pneumonia, 

Broncho-,  catarrhal,  or  lobular  pneumonia  is  inflammation  of 
the  lung-tissue  associated  with,  and  usually  secondary  to,  inflam- 
mation of  the  bronchial  mucous  membrane.  In  the  earlier 
stage,  the  pulmonary  inflammation  is  commonly  limited  to  scat- 
tered groups  of  air-vesicles,  hence  the  term  lobular  which  is  ap- 
plied to  it.  As  the  process  advances,  the  inflammatory  nodules 
may  gradually  coalesce,  so  as  to  produce  larger  tracts  of  con- 
solidation. The  inflammatory  products  which  fill  the  alveoli 
consist  largely  of  cells  derived  from  the  epithelium  of  the  alveoli 
and  from  the  bronchial  mucous  membrane ;  exudation  and  emi- 
gration play  a  much  less  prominent  part  in  th-e  process  than  they 
do  in  croupous  pneumonia.  Owing  to  this  preponderance  of 
epithelial  products,  and  to  the  association  of  the  pulmonary  with 
the  bronchial  inflammation,  the  process  has  been  termed  catar- 
rhal pneumonia. 

Pathology. — The  pneumonic  process,  as  already  stated,  is  in- 
variably associated  with  bronchial  catarrh.  In  some  cases,  it 
would  appear  that  the  injury  which  produces  the  bronchial  in- 
flammation produces  at  the  same  time  inflammation  of  the  air- 
vesicles,  but  much  more  frequently  the  bronchitis  precedes  the 
pneumonia,  and  gives  rise  to  it  in  a  manner  to  be  hereafter 
described.  Whatever  causes  inflammation  of  the  bronchial 
mucous  membrane  may  thus  be  a  cause  of  broncho-pneumonia. 
Simple  bronchitis,  especially  in  childhood  and  old  age,  and  also 
the  specific  bronchitis  associated  with  measles  and  whooping- 
cough,  are  the  most  frequent  precursors  of  the  disease.  All 
conditions  which  tend  to  impair  the  general  health  favor  the 
occurrence  of  the  pneumonia.  They  do  so  by  rendering  the 
bronchial  mucous  membrane  abnormally  liable  to  become  in- 
flamed, and  also  by  diminishing  the  power  of  the  respiratory 
muscles,  and  thus  aiding  in  the  production  of  pulmonary  col- 
lapse. 

Inflammation  of  the  bronchial  mucous  membrane  may  give 
rise  to  broncho-pneumonia  in  two  ways :  Ist,  by  causing  in  the 
first  place  collapse  of  the  lung-tissue ;  and,  2d,  by  the  direct 
extension  of  the  inflammation  from  the  bronchi  to  the  air- 
vesicles.     Of  these  the  former  is  much  the  most  frequent.     The 
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pneumonic  process  being  the  result  of  the  bronchitis,  almost 
invariably  involves  both  lungs. 

1.  Broncho-pneumonia  consecutive  to  collapse.  Collapse  of  the 
lung-tissue  greatly  favors  the  occurrence  of  broncho-pneumonia, 
and  usually  the  pneumonic  process  is  confined  principally  to 
those  portions  of  the  lung  in  which  collapse  has  taken  place. 
There  are  two  circumstances  chiefly  concerned  in  the  production 
of  the  collapse  which  is  consecutive  to  bronchitis — the  narrowing 
or  occlusion  of  the  bronchial  tubes  by  the  inflammatory  swelling 
of  the  mucous  membrane  and  the  catarrhal  secretion,  and  the 
weakness  of  the  inspiratory  power.  The  collapse  thus  induced 
is  especially  frequent  in  the  posterior  and  inferior  portions  of 
the  lungs — those  portions  in  which,  when  confined  to  bed,  the 
inflation  of  the  lung  is  often  least  complete.  Commencing  here, 
the  process  may  gradually  extend  upward  till  large  areas  of 
the  lungs  become  involved.  In  other  cases,  owing  to  a  more 
irregular  distribution  of  the  bronchial  obstruction,  the  collapse 
is  limited  to  small  isolated  portions  of  the  lung.  These  portions 
vary  in  size  from  a  hemp-seed  to  a  walnut.  They  are  commonly 
more  or  less  wedge-shaped,  with  their  apices  toward  the  bronchus 
with  which  they  communicate,  and  the  lung-tissue  around  them 
usually  presents  various  degrees  of  congestion  and  emphysema. 
The  tendency  of  the  pneumonic  process  to  occur  in  the  col- 
lapsed portions  of  the  lung  is  due  partly  to  the  hypersemia 
which  is  induced  by  the  collapse,  and  partly  to  the  irritation  of 
inhaled  bronchial  secretion.  Collapse  of  the  lung-tissue  inva- 
riably induces  more  or  less  congestion.  This  is  owing  to  the 
absence  of  the  expansion  and  contraction  of  the  air-vesicles 
which  normally  aid  the  pulmonary  circulation,  and  also  to  the 
impediment  to  the  blood-flow  resulting  from  imperfect  aeration. 
This  congestion  is  quickly  followed  by  oedema,  and  the  bluish- 
purple,  collapsed  portions  of  the  lung  become  darker  in  color, 
less  resistant,  and  more  friable  in  consistence.  In  lung-tissue 
thus  altered,  more  or  less  escape  of  liquor  sanguinis  and  cor- 
puscles, with  swelling  and  desquamation  of  the  alveolar  epi- 
thelium, is  prone  to  supervene. 

Another  circumstance  which  often  appears  to  play  a  promi- 
nent part  in  the  causation  of  the  pneumonic  process  is  the  pres- 
ence within  the  alveoli  of  the  inflammatory  products  of  the 
bronchial  mucous  membrane.     These  products  are  frequently 
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found  in  scattered  groups  of  air-vesicles,  and  they  are  evidently 
inhaled.  (See  Fig.  134.)  They  are  found  both  in  the  air-con- 
taining and  in  the  collapsed  portions  of  the  lung,  but  especially 
in  the  latter,  the  presence  of  collapse  necessarily  interfering 
with  their  removal  by  expectoration  or  absorption.  These  in- 
haled products  are  often  found  filling  small  groups  of  alveoli 
without  any  evidence  of  subsequent  inflammation,  and  there  can  be 
no  doubt  that  many  of  the  patches  of  consolidation  which  are 
usually  described  as  pneumonic  are  really  non-inflammatory  in 
their  nature,  and  are  thus  produced.  At  the  same  time,  owing 
to  the  irritation  of  the  inhaled  secretion,  it  tends  to  induce  in- 
flammatory changes  within  the  alveoli,  and  these  changes  are 
frequently  largely  owing  to  its  presence. 

2.  Broncho-pneumonia  independent  of  collapse.  Although  the 
pneumonic  process  is  usually  consecutive  to  collapse,  it  may 
occur  independently.  This  may  be  owing  either  to  the  direct 
extension  of  the  inflammation  from  the  bronchi  to  the  air- 
vesicles,  or  to  the  influence  of  inhaled  inflammatory  products. 
In  other  cases,  it  is  possible  that  the  injury  which  causes  the 
bronchitis  causes  at  the  same  time  inflammation  of  the  pulmonary 
alveoli. 

Histology,  etc. — The  appearances  presented  by  the  lungs 
after  death  vary.  The  bronchi  are  always  more  or  less  inflamed, 
and  contain  thick  mucus.  The  lung-tissue  exhibits,  associated 
in  various  degrees,  collapse,  congestion,  oedema,  emphysema, 
and  pneumonic  consolidation.  The  bluish,  non-crepitant,  de- 
pressed portions  of  collapse,  which  become  darker  and  more 
friable  with  age,  are  usually  most  abundant  in  the  lower  lobes 
and  margins  of  the  lungs.  The  collapse  sometimes  involves  the 
whole  of  one  lobe,  but  more  commonly  it  is  limited  to  smaller 
areas.  When  scattered  and  limited  in  its  distribution,  there  is 
usually  more  or  less  emphysema  of  the  intervening  portions  of 
the  lung. 

Those  portions  of  the  lung  in  which  the  pneumonic  process 
has  supervened  most  commonly  appear  as  scattered  nodules  of 
consolidation,  varying  in  size  from  a  small  pea  to  a  hazelnut. 
These  are  ill-defined,  and  pass  insensibly  into  the  surrounding 
tissue,  which  is  variously  altered  by  congestion,  collapse,  and 
emphysema.  They  are  of  a  reddish-gray  color,  slightly  ele- 
vated, smooth,  or  very  faintly  granular,  and  soft  and  friable  in 
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consistence.  As  they  increase  in  size  they  may  become  con- 
fluent. In  a  more  advanced  stage,  the  nodular  and  more  diffuse 
consolidation  becomes  paler,  firmer,  drier,  and  somewhat  re- 
sembles in  appearance  ordinary  gray  hepatization. 

When  examined  microscopically,  this  consolidation  is  seen  to 
consist  of  an  accumulation  within  the  alveoli  of  a  gelatinous 
mucoid-looking  substance,  small  cells  resembling  leucocytes, 
and  epithelial  elements.  In  many  cases  much  of  this  accumula- 
tion is  precisely  similar  to  that  contained  in  the  smaller  bronchi, 
and  it  is  evidently  the  inflammatory  and  richly  cellular  bronchial 
secretion  which  has  been  inhaled.     (Fig.  134.)     It  is  also  often 


Broncho-pneumonia .  From  a  child  aged  four,  with  capillary  bronchitis.  A  section  of 
one  of  the  patches  of  consolidation.  Showing  the  stuflBng  of  the  alveoli  with  what 
appears  in  the  main  to  be  inhaled  bronchial  secretion.      X  200. 


partly  the  result  of  exudation  and  emigration  from  the  pul- 
monary capillaries ;  for,  as  shown  by  Cohnheim,  blood-stasis  so 
injures  the  walls  of  the  bloodvessels  that  the  blood-corpuscles 
and  liquor  sanguinis  readily  permeate  them  (see  p.  197).  Asso- 
ciated with  this  material  are  epithelial  elements.  These  vary 
considerably  in  number.  In  some  cases,  and  in  some  portions 
of  the  consolidation,  they  may  be  very  few,  whilst  in  others  they 
may  constitute  the  predominant  change.     (Fig.  135.) 

The  subsequent  changes  which  take  place  in  the  lungs  vary. 
When  the  disease  does  not  end  in  death,  resolution  is  the  most 
common  termination.  The  contents  of  the  alveoli  undergo 
fatty  metamorphosis,  and  are  removed  by  expectoration  and 
absorption,  the  lung  gradually  regaining  its  normal  character. 


A 


Catarrhal  pneumonia.       From    a   case    of 
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This  process,  however,  is  less  readily  effected  than  in  croupous 
pneumonia,  and  it  often  occupies  such  a  lengthened  period  that 
some  thickening  of  the  bronchial  and  alveolar  walls  and  dilata- 
tion of  the  smaller  bronchi   remain.      In    chronic   cases   this 

fibroid    thickening    is    much 
^^^-  ^'^'^-  more   marked,  and  consider- 

j  able     irregularly     distributed 

''  '  pigmented     induration      and 

-,  bronchial    dilatation    may    be 

produced.  (See  "  Chronic 
Pneumonia.")  In  these  chro- 
nic forms  the  contents  of  the 
alveoli  sometimes  caseate,  and 
then  become  encapsuled,  or 
in  quite  exceptional  cases  lead 
to  disintegration. 

Hypostatic     Pneumonia. — 

acute  phthisis.  Showing  the  large  epithe-  Allusiou  must  be  made  here 
liai  cells  which  fill  the  alveoli.    X  200.  to  n  form    of  luug- Consolida- 

tion which  is  often  described 
as  pneumonic,  but  which,  in  reality,  is  for  the  most  part  non- 
inflammatory in  its  nature.  This  is  the  so-called  hypostatic 
pneumonia.  This  condition  is  met  w^ith  at  the  bases  and  most 
dependent  portions  of  the  lungs  in  the  course  of  both  chronic 
and  acute  diseases,  and  also  in  the  aged  and  debilitated.  It 
consists  in  the  main  of  collapse,  hypersemia,  and  oedema  of  the 
lung-tissue,  resulting  from  weak  inspiratory  power,  feeble  cir- 
culation, and  gravitation.  The  consolidation  thus  mechanically 
induced  is  increased  by  more  or  less  exudation  of  liquor  san- 
guinis and  blood-corpuscles  into  the  alveoli,  which  exudation  is 
due  to  the  damage  to  the  walls  of  the  capillaries  caused  by  the 
imperfect  circulation. 


Interstitial   or  Chronic  Pneumonia. 


Interstitial  or  chronic  pneumonia  is  characterized  by  a  gradual 
increase  in  the  connective  tissue  of  the  lung,  which  leads  to  an 
induration  of  the  pulmonary  texture,  and  to  progressive  oblitera- 
tion of  the  alveolar  cavities.     It  is  commonly  associated  with 
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catarrh  and  dilatation  of  the  bronchi,  and  often  with  ulceration 
of  the  bronchial  walls  and  excavation  of  the  indurated  lung. 

Pathology. — It  is  exceedingly  doubtful  if  interstitial  pneu- 
monia is  ever  a  primary  and  independent  affection.  It  probably 
in  all  cases  owes  its  origin  to  some  antecedent  more  acute  in- 
flammation of  the  pulmonary  or  bronchial  textures,  or  of  the 
pleura.  It  may  be  stated  generally  that  all  inflammatory  pro- 
cesses in  the  lungs  which  become  chronic  lead  to  an  increase  of 
the  connective-tissue  elements,  and  consequently  to  a  fibroid 
induration  of  the  organs;  and  in  this  respect,  therefore,  these 
processes  resemble  similar  ones  in  other  parts,  e  g.,  in  the  liver, 
kidney,  and  mucous  membranes.  In  the  lungs,  by  far  the  most 
common  cause  of  such  induration  is  tuberculosis,  and  in  all 
cases  of  phthisis,  excepting  in  those  which  are  the  most  acute, 
there  is  more  or  less  fibroid  growth.  The  most  chronic  cases 
of  phthisis — those  in  which  the  fibrosis  is  the  most  marked — 
are,  it  must  be  admitted,  histologically  somewhat  closely  allied 
to  some   forms  of  interstitial   pneumonia.     The  two  diseases 

Fig.  136. 


Chronic  bronchitis.  Showing  the  new  growth  of  fibro-nucleated  tissue  around  the 
bronchus  6,  and  the  way  in  which  this  tissue  is  invading  the  walls  of  the  adjacent  alveoli. 
V.  A  divided  bloodvessel.     X  100,  reduced  i. 

differ,  however,  in  this  respect — that  whereas  much  of  the 
pulmonary  consolidation  of  phthisis  tends  to  undergo  molecular 
death  and  disintegration,  that  of  interstitial  pneumonia  exhibits 
no  such  tendency,  any  destruction  and  excavation  of  the  in- 
durated lung  which  may  take  place  being  due  to  secondary 
inflammation  and  ulceration  commencing  in  the  bronchial  walls, 

24 
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In  considering  the  pathology  of  interstitial  pneumonia,  there- 
fore, it  is  necessary  to  exclude,  in  the  first  place,  the  pulmonary 
fibrosis  of  chronic  phthisis.  (See  "Pulmonary  Phthisis.")  In- 
terstitial pneumonia  must  be  separated  also  from  that  form  of 
pulmonary  induration  which  is  produced  by  long-continued 
mechanical  congestion  (see  "Brown  Induration  of  the  Lung"), 
and  from  those  more  localized  indurations  due  to  chronic  bron- 
chitis (Fig.  136),  and  to  syphilis. 

There  appear  to  be  four  conditions  which  may  give  rise  to 
interstitial  pneumonia.     These  are  as  follows  : 

1.  Croupous  Pneumonia.  The  pulmonary  consolidation  of  acute 
croupous  pneumonia  in  almost  all  cases  undergoes  complete  reso- 
lution. This  resolution  is  usually  effected  rapidly,  but  occasion- 
ally it  is  more  protracted.  When  protracted,  the  hepatized  lung 
tends  to  become  slightly  indurated,  owing  mainly  to  thickening 
of  the  walls  of  the  alveoli.  This  indurated  hepatization  differs 
but  little  in  its  physical  characters  from  ordinary  red  and  gray 
hepatization;  it  is  simply  somewhat  firmer,  more  resistant,  and 
less  granular.  In  very  exceptional  cases  this  small  amount  of 
induration,  commencing  in  the  alveolar  walls,  may  gradually 
increase,  so  as  ultimately  to  give  rise  to  that  extensive  fibrosis 
of  the  lung  which  constitutes  what  is  usually  known  as  inter- 
stitial pneumonia. 

2.  Broncho-pneumonio .  This  is  a  somewhat  more  frequent 
cause  than  the  preceding.  The  greater  liability  of  this  form  of 
pneumonia  to  lead  to  pulmonary  induration  is  to  be  accounted 
for  partly  by  its  longer  duration  and  greater  tendency  to  become 
chronic,  and  partly  by  the  existence  of  bronchial  dilatation,  with 
which  it  is  so  frequently  associated.  That  bronchial  dilatation 
is  favorable  to  an  indurative  pneumonic  process  has  been  in- 
sisted upon  by  Dr.  Wilson  Fox.^  The  existence  of  this  dilatation 
favors  the  persistence  of  the  catarrhal  and  pneumonic  process. 
The  removal  of  secretion  is  rendered  difiicult,  and  the  retained 
secretion  tends  to  keep  up  and  increase  the  irritative  process 
both  in  the  dilated  bronchi  and  also  in  the  pulmonary  alveoli, 
and  this  persistence  of  the  bronchial  and  pulmonar}'  inflamma- 
tion leads  to  fibroid  thickening  of  the  bronchial  and  alveolar 
walls.     In  this  way  areas  of  fibroid  induration  are  produced, 

^  Keynolds's  System  of  Medicine,  vol.  iii.     Article  "Chronic  Pneumonia." 
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which,  as  the  process  extends,  may  ultimately  involve  large  por- 
tions of  the  lung.  The  progressive  tendency  of  the  process  is 
probably  partly  to  be  explained  by  the  fact  that  pulmonary 
fibrosis  is  a  cause  of  bronchial  dilatation,  so  that  fibrosis  once 
established,  b}^  inducing  further  dilatation  of  the  bronchi  favors 
the  extension  of  the  bronchial  and  pulmonary  induration  (Wilson 
Fox). 

Under  this  head  may  be  included  also  those  cases  of  indura- 
tion and  ulceration  of  the  lung  which  result  from  obstruction  of 
a  main  bronchus — such  as  is  produced  by  the  pressure  of  an 
aneurism.  Here  the  retained  bronchial  secretion  sets  up  inflam- 
matory change  in  the  bronchial  and  alveolar  walls,  which  grad- 
ually lead  to  induration  and  ulceration  of  the  lung.^ 

3.  Pleurisy.  This,  in  exceptional  cases,  leads  to  the  develop- 
ment of  an  interstitial  pneumonia.  It  appears  to  be  in  those 
cases  of  pleurisy  which  are  more  or  less  chronic,  and  in  which 
the  efiFusion  remains  long  unabsorbed,  that  such  a  result  is  most 
liable  to  occur.  The  induration  of  the  lung  thus  induced  is 
often,  however,  partial,  consisting  merely  in  some  increase  of 
the  interlobular  connective  tissue,  originating  and  extending 
inward  as  dense  bands  from  the  thickened  visceral  pleura.  In 
other  cases,  pleurisy  gives  rise  to  a  much  more  general  fibrosis. 

4,  The  inhalation  of  solid  irritating  ^particles.  This,  which  occurs 
in  miners,  potters,  stonemasons,  grinders,  etc.,  is  the  cause  of 
the  fibrosis  of  the  lung  so  common  amongst  these  workmen. 
The  continuous  irritation  of  the  inhaled  particles  induces  a  bron- 
chial and  alveolar  inflammation,  and  ultimatel}'  a  progressive 
fibrosis,  with  dilatation  and  ulceration  of  the  bronchi.  Such 
cases  often  become  tuberculous. 

Histology,  etc.  —  The  appearances  presented  by  the  lung 
when  the  fibrosis  is  extensiv^e  and  general  are  very  characteristic. 
The  organ  is  diminished  in  size ;  the  tissue  is  smooth,  dense, 
firm — in  parts  almost  cartilaginous  in  consistence ;  and  it  is 
irregularly  mottled  with  black  pigment.  The  alveolar  structure 
of  the  lung  is  in  most  parts  completely  destroyed,  and  on  sec- 
tion the  dilated  bronchi  are  seen  as  numerous  large  openings 
scattered  over  its  surface.  The  dilated  bronchi  frequently  be- 
come the  seats  of  secondary  inflammatory  processes,  which  may 

^  See  case  by  Dr.  Irvine,  Trans.  Path.  Soc.  Lond.,  vol.  xxviii.  p.  63. 
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lead  to  ulceration  and  ultimately  to  extensive  excavation  of  the 
indurated  tissue ;  but  there  is  a  complete  absence  of  any  of  those 
caseous  changes  v^hich  are  so  characteristic  of  jihthisis.     This 


fe^'^ 


Interstitial  pneumonia.  From  a  case  of  so-called  "cirrhosis"  of  the  lung,  in  which 
'the  disease  was  unilateral.  The  bronchi  were  much  dilated,  and  there  was  a  complete 
absence  of  any  caseous  change.  The  drawing  shows  the  new  fibro-nucleated  growth, 
both  in  the  alveolar  walls  and  in  the  interlobular  tissue,  also  the  pigmentation.  At  a  a 
divided  vessel  is  seen.     X  lOO.i 

secondary  inflammation  of  the  dilated  bronchi  is  induced  by  the 
irritating  and  often  putrid  secretion  v^hich  they  contain,  and 
which  is  only  with  great  difficulty  completely  removed  by  ex- 
pectoration. The  pleura  is  almost  invariably  considerably 
thickened  and  adherent. 

The  histological  changes  may  be  described  generally  as  con- 
sisting in  the  development  of  a  iibro- nucleated  tissue  in  the 
walls  of  the  alveoli,  in  those  of  the  bronchi,  and  from  the  inter- 
lobular connective  tissue;  which  new  growth,  as  it  increases,  and 
from  its  tendency  to  contract,  gradually  replaces  and  obliterates 
the  alveolar  structure.  The  character  of  these  changes,  how- 
ever, varies  somewhat  according  to  the  more  acute  inflammatory 
antecedents  in  which  they  originate.  When  the  result  of  a 
croupous  pneumonia,  the  primary,  and  usually  the  principal, 
change  takes  place  in  the  walls  of  the  alveoli  (Fig.  137),  al- 
though ultimately  the  interlobular  tissue  is  involved.  The 
alveolar  walls  become  thickened  by  the  growth  of  a  small-celled 


1  When  this  specimen  is  examined  with  a  higher  magnifying  power  a  dejicate 
reticulum  can  be  seen  between  the  cellular  elemc-nts. 
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tissue,  in  which,  associated  with  the  lymphoid  cells,  there  are 
sometimes  elons^ated  fusiform  cells  such  as   are  found  in  em- 


FiG.  138. 


Fig.  139. 


Chronic  pneumonia.  Vascularization  and  fibroid  development  of  intra  alveolar  exuda- 
tion-products. Bloodvessels  are  seen  distributed  in  the  exudation-products,  which  blood- 
vessels communicate  with  those  in  the  alveolar  walls.  The  alveolar  walls  are  also  thick- 
ened by  a  fibro-nucleated  growth.     X  100,  and  reduced  i. 

bryonic  tissue  which  is  undergoing  fibroid  development.  The 
new  growth  in  its  earlier  stages  usually  contains  new  blood- 
vessels, but  later  the  tissue  con- 
tracts, and  these  become  to  a  great 
extent  destroyed.  The  alveolar 
cavities  which  are  not  obliter- 
ated, are  either  empty  or  contain 
exudation-products  or  a  few  epi- 
thelial cells.  In  addition  to  the 
growth  in  the  alveolar  walls,  I 
have  met  with  three  cases  in  which 
intra-alveolar  exudation -products 
were  undergoing  fibroid  develop- 
ment.^ There  was  nothing  peculiar 
in  the  microscopical  characters  of 
the  lungs,  but  the  alveoli  were 
found  filled  with  a  fibrinous  mesh- 
work  and  leucocytes  somewhat 
similar  to  those  met  with  in  red 
hepatization.  (See  Fig.  132.)  They 

dififered,  however,  in  this  respect — that  many  of  the  cells  were 
long   and   spindle-shaped,   and    bloodvessels   were   distributed 

1  For  one  of  these  specimens  I  am  indebted  to  Dr.  Goodhart,  who  records  the 
case  in  the  Trans.  Path.  Soc.  Lond.,  vol.  xxv.  p.  33. 


Chronic  pneumonia.  A  portion  of 
the  intra-alveolar  exudation-products 
(Fig.  138)  more  highly  magnified. 
Showing  the  elongated  spindle-cells, 
the  fibrillation,  and  the  bloodvessels 
containing  blood-corpuscles.     X  200. 
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amongst  them,  which  bloodvessels  communicated  with  those 
in  the  alveolar  walls.  (Figs.  138  and  139.)  The  alveolar  walls 
also  were  thickened  by  a  fibro-nucleated  growth.  It  was  there- 
fore perfectly  obvious  that  in  these  lungs  the  products  of  a 
previous  acute  croupous  pneumonia  were  becoming  vascularized 
and  undergoing  development  into  a  fibroid  structure,  and  that 
this  intra-alveolar  change  was  the  principal  cause  of  the  fibroid 
induration  of  the  organs. 

When  the  fibrosis  is  secondary  to  an  ordinary  broncho-pneu- 
monia, or  to  that  induced  by  the  inhalation  of  irritating  solid 
particles,  the  new  growth  also  originates  principally  from  the 
alveolar  walls.  Here,  however,  the  growth  in  the  earlier  stages 
is  less  uniform,  and  the  peribronchial  and  interlobular  connec- 
tive tissue  play  a  more  prominent  part  in  the  process. 


CHAPTER   XLII. 
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By  pulmonary  phthisis  is  understood  a  disease  of  the  lungs 
which  is  characterized  by  progressive  consolidation  of  the  pul- 
monary texture,  and  by  the  subsequent  softening  and  disinte- 
gration of  much  of  the  consolidated  tissue;  the  upper  portions 
of  the  organs  being,  in  almost  all  cases,  the  first  to  become 
involved. 

Respecting  the  nature  of  the  morbid  processes  which  lead  to 
this  consolidation  and  disintegration  of  the  lungs — various 
opinions  have  from  time  to  time  been  held  by  pathologists,  and 
this  diversity  of  opinion  exists  to  some  extent  even  at  the  present 
day.  According  to  the  older  views,  which  were  based  upon  the 
teaching  of  Laennec,  phthisis  was  regarded  in  all  cases  as  a 
tuberculous  disease.  Tubercle  was  looked  upon  as  a  non-inflam- 
matory growth  which  was  characterized  by  the  caseous  degen- 
eration which  it  invariably  underwent,  and  this  caseous  meta- 
morphosis was  held  to  be  such  a  distinguishing  peculiarity  of 
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the  growth,  that  all  caseous  masses  came  to  be  regarded  as 
tuberculous,  and  phthisis,  in  which  caseation  plays  such  a  promi- 
nent part,  was  consequently  regarded  as  a  tuberculous  disease. 
The  various  consolidations  of  the  pulmonary  tissue  were  de- 
scribed as  "  infiltrated  tubercle,"  and  tubercle  in  some  form  or 
other  was  regarded  as  so  essential  a  constituent  of  the  dis- 
ease, that  "  phthisis  "  and  "  pulmonary  tuberculosis  "  came  to 
be  synonymous  terms.  When  the  application  of  the  term 
"  tubercle  "  became  limited  by  Virchow  and  his  followers  to  the 
gray  granulation,  it  was  evident  that  these  views  w^ere  no  longer 
tenable,  and  many,  in  accordance  with  the  advocacy  of  the  late 
Professor  JSTiemeyer,  regarded  phthisis  as  due  to  a  form  of 
caseous  pneumonia,  which  was  quite  independent  of  tubercle, 

Fig.  140. 


Acute  phthisis.  A  transverse  seotion  of  a  terminal  bronchus  (air-passage)  and  the 
surrounding  alveoli.  Showing  the  lohulated  character  of  the  pulmonary  consolidation. 
h.  Cavity  of  bronchus  containing  a  little  mucus,     v.  A  bloodvessel.     X  60,  reduced  ^. 

although  this  growth  might  occur  as  a  secondary  and  accidental 
complication.  It  was  then  said  that  some  cases  of  phthisis  were 
tubercular,  and  that  others  were  not;  and  attempts  were  made 
to  subdivide  the  disease  into  distinct  pathological  varieties — 
such  as  "  tuberculous,"  "  pneumonic,"  and  "  fibroid  "  phthisis. 
Our  present  knowledge  of  tuberculosis  necessarily  involves  con- 
siderable modification  of  these  older  views.  Before  considering 
the  pathology,  however,  it  will  be  well  to  study  the  histology  of 
the  disease. 
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Histology. — The  histological  changes  in  the  lungs  which 
occur  in  pulmonary  phthisis  are  similar  to  those  which  are  met 
with  in  these  organs  in  acute  miliary  tuberculosis.  They  differ 
mainly  in  this  respect — that  whilst  in  the  latter  disease  these 
changes  are  usually  limited  to  small  areas  (hence  the  miliary 
character  of  the  lesions),  in  the  former  they  commonly  involve 
much  wider  tracts  of  tissue.  Phthisical  consolidation  is,  how- 
ever, lobulated  in  its  distribution.  This  is  owing  to  the  fact  that 
the  injury  causing  the  inflammation  is  inflicted  through  the 
medium  of  the  bronchi.  (See  "  Etiology.")  This  lobulated  dis- 
tribution of  the  consolidation  is  exceedingly  characteristic,  and 
even  in  those  acute  cases  in  which,  owing  to  the  rapid  and  ex- 
tensive implication  of  the  lung,  the  consolidation  may  to  the 
naked  eye  appear  almost  uniform  (like  croupous  pneumonia), 
the  microscope  will  usually  reveal  a  lobular  character.  (Fig.  140.) 

The  structural  changes  met  with  in  the  lungs  in  phthisis  are 
mainly  of  four  kinds :    1st.  An  accumulation  of  epithelial  cells 

Fig.  ml 


Acute  phthisis.     Showing  one  of  the  alveoli  filled  with  epithelial  elements,  and  marlsed 
cellular  infiltration  of  the  alveolar  wall.      X  200. 

within  the  pulmonary  alveoli ;  2d,  The  presence  within  the 
alveoli  of  a  fibrinous  exudation  and  leucocytes;  3d.  A  cellular 
infiltration  and  thickening  of  the  alveolar  walls,  together  with, 
in  most  cases,  a  similar  change  in  the  walls  of  the  terminal 
bronchioles ;  and,  4th.  An  increase  in  the  interlobular  connec- 
tive tissue.     These  four  kinds  of  morbid  change  are  verj  con- 
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Fig.  142. 


stantly  associated,  although  in  very  different  degrees;  and  some 
of  them  are  more  prominent  and  characteristic  than  others. 
The  preponderance  of  one  or  other  of  them  produces  those 
variations  in  the  physical  characters  of  the  lungs  which  are  met 
with  in  the  diff*erent  stages,  and  in  the  different  varieties  of  the 
disease.  These  various  structural  changes  must  now  be  con- 
sidered separately,  together  with  the  more  important  alterations 
in  the  physical  characters  of  the  organs  which  they  respectively 
produce. 

1st.  An  accumulation  of  epithelial  cells  ivithin  the  pulmonary 
alveoli.  This  is  one  of  the  most  frequent  changes  met  with  in 
phthisis,  and  is  precisely  similar  to  that  which  has  been  already 
described  as  occurring  in  cases  of  catarrhal  pneumonia.  (See 
Fig.  135.)  The  alveoli  are  found  filled  with  large  nucleated 
elements,  which  are  the  offspring  of  the  epithelial  cells  normally 
lining  the  alveolar  walls.  (Fig.  141.)  In  some  acute  cases  of 
phthisis  this  alveolar  accumulation 
may  constitute  almost  the  only 
morbid  change,  and  although  there 
is  always  some  cellular  infiltration 
of  the  alveolar  walls,  the  great  bulk 
of  the  pulmonary  consolidation  is 
due  to  the  stuffing  of  the  alveolar 
cavities  with  catarrhal  products. 
(Fig.  141.)  In  some  parts — those 
in  which  the  change  is  the  most 
recent — the  large  cells  which  fill 
the  alveoli  and  the  alveolar  walls 
will  be  found  but  little  altered,  but 
in  the  greater  portion  of  the  con- 
solidated tissue  the  cells  will  be 
seen  in  various  stages  of  retrogres- 
sive metamorphosis,  and  the  alveo- 
lar walls  destroyed ;  whilst  in  those 
tracts  of  tissue  in  which  the  process 
is  most  advanced,  all  trace  of  struc- 
ture is  lost,  and  nothing  is  seen  but 
a  granular  debris.     These  changes 

are  precisely  analogous  to  those  met  with  in  many  of  the  larger 
nodular  lesions  of  acute  tuberculosis.     (See  Figs.  93  and  94.) 


Section  of  lang  fi-vm  a  case  uf  acute 
phthisis.  Showing  that  the  consoli- 
dation consists  almost  exclusively  of 
products  accumulated  within  the  al- 
veoli. In  some  parts  a  free  space  is 
seen  between  the  alveolar  walls  and 
their  contents;  this  is  due  simply  to 
the  shrinking  of  the  latter  caused  by 
the  hardening  of  the  specimen.   X  50. 


378  PULMONARY    PHTHISIS. 

2d.  The  presence  within  the  alveoli  of  a  fibrinous  exudation  and 
leucocytes.  This  is  less  frequent  than  the  preceding.  (Fig.  143.) 
The  exudation-products  are  similar  to  those  which  fill  the  alveoli 
in  ordinary  croupous  pneumonia.  (See  Fig.  132.)  The  coagu- 
lum,  however,  is  usually  not  so  abundant,  neither  is  the  fibrilla- 
tion quite  so  distinct.  In  the  most  acute  forms  of  phthisis  this 
may  constitute  the  principal  cause  of  the  pulmonary  consolida- 
tion, but  commonly  it  is  associated  with  more  or  less  epithelial 
proliferation. 

The  appearances  presented  by  the  lungs  in  those  cases  in 
which  the  pulmonary  consolidation  is  mainly  due  to  the  intra- 
alveolar  changes  above  described  are  very  characteristic.     The 

Fig.  143. 


Acute  phthisis.     Showing  one  of  the  alveoli  filled  with  fibrinous  exudation  and 
leucocytes,  and  some  cellular  infiltration  of  the  alveolar  wall.     X  200. 

consolidated  tissue  is  quite  soft  and  friable,  breaking  down  very 
readily  under  the  finger,  and  there  is  a  complete  absence  of  any 
induration.  The  consolidation,  although  sometimes  almost 
uniform,  usually  presents  a  somew^hat  lobulated  outline,  indi- 
cating the  implication  of  different  groups  of  the  pulmonary 
lobules  (p.  376).  The  color  varies  from  a  reddish-  to  a  yellowish- 
gray,  and  scattered  through  the  consolidated  mass  are  often 
small  portions  of  a  more  decidedly  yellow  tint.  These  latter 
correspond  with  those  parts  in  which  the  retrogressive  changes 
are  the  most  advanced,  and  they  are  even  softer  in  consistence 


HTSTOLOGY.  379 

than  the  surrounding  tissue.  In  many  parts  the  consolidated 
tissue  will  be  found  broken  down,  so  as  to  form  cavities  of 
various  sizes.  These  usually  possess  irregular  walls,  which  are 
quite  soft  and  friable,  like  the  solid  tissue  which  surrounds 
them. 

3d.  A  cellular  infiltration  and  thickening  of  the  alveolar  walls, 
together  with,  in  most  cases,  a  similar  change  in  the  walls  of 
the  terminal   bronchioles.     This  is  very  constantly  associated 

Fig.  144. 


Section  of  lung  from  a  ease  of  somewhat  chronic  phthisis.  Showing  the  thickening  of 
the  alveolar  walls  by  a  fibro-nucleated  adenoid-like  tissue;  together  with  an  accumulation 
of  epithelial  cells  within  the  alveolar  cavity.  The  latter  are  undergoing  retrogressive 
changes.     X  200. 

with  the  former  intra-alveolar  changes,  and  it  must  be  regarded 
as  the  most  characteristic  phthisical  lesion,  although  its  extent 
varies  very  considerably  in  different  cases.  The  change  is  pre- 
cisely similar  to  that  which  has  been  already  described  as  occur- 
ring in  acute  miliary  tuberculosis.  In  its  earlier  stages  a  few 
small  lymphoid  cells  are  seen  infiltrating  the  alveolar  septa, 
which  are  thus  slightly  thickened.  (See  Figs.  141  and  143.) 
As  the  change  proceeds,  the  number  of  these  cells  increases,  and 
from  them  an  imperfect  fibro-nucleated  structure  is  developed 
(Fig.  144).  This  structure  contains  no  new  bloodvessels.  As 
this  new  tissue  develops  in  the  alveolar  walls,  it  gradually 
obliterates  and  replaces  the  alveolar  cavities,  so  that  whilst  in 
some  portions  the  thickened  alveoli  may  be  found  still  con- 
taining epithelial  elements,  exudation-products,  or  even  giant- 
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cellsj  in  others  large  tracts  will  be  seen,  consisting  almost 
entirely  of  the  small-celled  growth.  The  development  of  this 
new  non-vascular  tissue  in  the  alveolar  walls  leads  to  the  partial, 
or  even  complete,  obliteration  of  the  pulmonary  capillaries, 
which,  as  will  be  seen  subsequently,  constitutes  an  important 
element  in  the  causation  of  the  retrograde  changes. 

The  changes  which  may  subsequently  take  place  in  this 
alveolar  growth  vary.  The  infiltrated  septa  may  rapidly  break 
down  before  any  marked  thickening  or  development  of  new 
tissue  has  had  time  to  occur;  whilst  in  other  less  acute  cases 
there  is  a  considerable  development  of  the  imperfect  fibro- 
nucleated  tissue,  which,  although  it  may  remain  as  a  more  or 
less  permanent  structure,  usually  owing  to  insufficient  vascular 
supply,  undergoes  in  its  turn  retrogressive  metamorphosis. 
These  two  kinds  of  change  are  very  often  found  taking  place 
simultaneously  in  different  portions  of  the  consolidated  lung. 
In  those  portions  in  which  the  new  tissue  is  undergoing  degen- 
eration, it,  together  with  the  cells  which  may  be  contained 
within  the  alveoli,  will  be  seen  to  have  become  converted  into  a 
structureless  granular  debris,  whilst  perhaps  in  the  immediate 
vicinity  of  these  degenerated  portions  will  be  found  a  more 
permanent  fibro-nucleated  structure. 

Respecting  the  alteration  which  the  growth  of  this  small- 
celled  tissue  produces  in  the  physical  characters  of  the  lungs — 
it  may  be  stated  generally  that  it  usually  leads  to  more  or  less 
induration  of  the  pulmonary  texture.  The  extent  of  this  indu- 
ration, however,  will  vary  according  to  the  characters  of  the  new 
tissue.  If  the  tissue  be  almost  entirely  cellular,  such  as  is  the 
case  when  it  is  very  rapidly  developed,  it  will  produce  but 
little,  if  any,  induration  of  the  pulmonary  consolidation,  which, 
consisting  mainly  of  the  intra-alveolar  accumulations,  will  be 
soft  and  friable  in  consistence,  much  resembling  that  which  has 
been  already  described.  When,  on  the  other  hand,  as  is  more 
frequently  the  case,  there  is  any  considerable  development  of 
the  imperfect  fibro-nucleated  growth,  or  its  reticulum  is  dense 
and  abundant,  there  will  be  a  corresponding  induration  of  the 
consolidated  tissue.  In  many  cases  these  changes  produce  uni- 
form tracts  of  indurated  consolidation  of  a  grayish  color  mottled 
with  black  pigment,  in  which  there  may  be  scattered  here  and 
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there  yellowish  patches  corresponding  to  those  portions  which 
have  undergone  retrogressive  fatty  changes. 

4th.  An  increase  m  the  interlobular  connective  tissue.  This  is  met 
with,  to  a  greater  or  less  extent,  in  all  the  more  chronic  forms  of 
phthisis.  This  tissue,  which  surrounds  the  bronchi  and  blood- 
vessels, and  contributes  to  the  formation  of  the  alveoli,  is  found 
not  only  increased  in  amount,  but  also  altered  in  character.  In 
the  earlier  stages  of  its  development,  when  it  contains  numerous 
small  cells,  although  many  parts  of  it  may  resemble  the  growth 
in  the  alveolar  walls,  its  structure  is  more  like  that  met  with  as 
the  result  of  chronic  indurative  processes  in  other  organs.     It 

Fig.  145. 


Chronic  phthisis.     Showing  the  new  interlobular  fibroid  growth  surrounding  and  encapsu- 
lating a  degenerated  and  caseous  portion  of  the  consolidated  lung.    X  50,  reduced  i. 

has  a  much  greater  tendency  to  become  developed  into  a  fibroid 
tissue  than  the  alveolar  growth,  and  is  rarely  the  seat  of  those 
retrograde  changes  which  are  so  frequent  in  the  tissue  originating 
in  the  alveolar  walls.  As  usually  met  with,  it  consists  either  of 
wavy  fibres  or  of  a  more  or  less  reticulated  structure,  with  a 
varying  ■  number  of  round,  spindle-shaped  or  branched  cells. 
(Fig.  145.)  Associated  with  it,  in  most  cases,  are  granules  of 
black  pigment.     These  differences  in  the  pathological  tendencies 
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and  structure  of  the  alveolar  and  interlobular  growths  are 
mainly  owing  to  differences  in  the  amount  of  their  vascular 
supply.  Whereas  in  the  former  the  vessels  become  obliterated 
in  the  manner  already  described,  in  the  latter  this  obliteration  is 
much  less  complete  or  entirely  wanting.  In  the  most  chronic 
cases  of  phthisis  this  interlobular  growth  may  constitute  the 
predominant  structural  change,  and  large  tracts  of  the  pulmonary 
texture  may  be  found  completely  replaced  by  it.  (See  "  Inter- 
stitial Pneumonia.") 

An  increase  in  the  interlobular  connective  tissue  in  phthisis — 
inasmuch  as  the  new  tissue  has  so  marked  a  tendency  to  become 
dense  and  fibroid — leads  to  extensive  induration  of  the  pul- 
monary texture ;  and  further,  owing  to  the  contraction  which 
the  tissue  tends  to  undergo,  its  growth  ultimately  produces  a 
corresponding  contraction  of  the  diseased  lung.  In  all  those 
cases  of  phthisis  in  which  there  is  either  a  marked  thickening 
of  the  alveolar  walls,  or  an  increase  in  the  interlobular  connec- 
tive tissue,  any  cavities  which  may  exist  in  the  consolidated  and 
indurated  tissue  are  characterized  by  the  tough  and  fibroid 
character  of  their  walls,  these  presenting  a  marked  contrast  to 
the  soft  friable  tissue  which  surrounds  the  cavities  in  those  cases 
in  which  the  pulmonary  consolidation  is  mainly  due  to  intra- 
alveolar  changes. 

Changes  in  the  Bronchi.  Allusion  must  now  be  made  to  certain 
changes  in  the  bronchi.  These  tubes  are  invariably  more  or 
less  involved  in  pulmonary  phthisis  Some  catarrh  of  the 
bronchi  is  constantly  present  in  phthisical  lungs.  The  catarrh 
is  sometimes  general,  but  much  more  commonly  it  is  limited, 
and  more  strictly  confined  to  such  portions  of  the  lung  as  are 
becoming,  or  have  already  become,  consolidated.  In  many 
cases  there  is  a  marked  tendency  of  this  bronchial  catarrh  to 
lead  to  extensive  cellular  infiltration  of  the  deeper  structures  of 
the  bronchial  wall.  This  is  especially  the  case  in  the  scrofulous. 
(See  "Scrofulous  Inflammation,"  Fig.  103.)  This  cellular  infil- 
tration sometimes  leads  to  the  production  of  small  ulcers.  These 
have  thickened  opaque  edges,  and  when  once  formed  they  tend 
to  increase.  In  addition  to  these  changes  in  the  bronchial 
mucous  membrane,  there  is  often  a  cellular  infiltration  of  the 
peribronchial  tissue,  and  here  small  nodules  of  new  growth  are 
frequently  met  with — especially  around  the  smallest  bronchi. 
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Pathology. — Having  thus  briefly  described  the  various  struc- 
tural changes  met  with  in  the  lungs  in  phthisis,  it  remains  to 
consider  the  nature  of  the  morbid  processes  upon  which  they 
depend.  In  the  first  place,  it  is  evident  that  these  changes  are 
analogous  to  those  which  have  been  seen  to  occur  in  the  several 
forms  of  pulmonary  inflammation.  The  fibrinous  exudation 
and  leucocytes,  and  the  accumulation  of  epithelial  cells  within 
the  alveoli  in  croupous  and  catarrhal  pneumonia,  with,  in  the 
more  chronic  cases,  the  ultimate  infiltration  of  the  alveolar 
walls;  and  the  increase  in  the  interlobular  connective  tissue 
which  characterizes  the  interstitial  process,  closely  resemble  the 
phthisical  lesions.  These  considerations,  together  with  those 
derived  from  the  study  of  the  etiology  of  the  disease,  are  suffi- 
cient to  justify  the  conclusion  that  the  morbid  processes  which 
lead  to  the  consolidation  and  subsequent  disintegration  of  the 
lung  come  within  the  category  of  inflammation^  and  that  the 
differences  in  the  histological  changes  to  which  they  give  rise 
are  mainly  due  to  differences  in  the  intensity  and  duration  of 
the  inflammatory  process. 

But  although  phthisical  consolidation  of  the  lung  is  the  result 
of  inflammation,  it  is  obvious,  from  our  previous  considerations 
(p.  262),  that  the  process  does  not  owe  its  origin  to  simple  causes. 
The  progressive  character  of  the  in;flammation,  and  its  tendency 
to  infect  adjacent  and  distant  portions  of  the 
lung,  show  the  existence  of  some  continuous  ir-  Fig.  146. 
ritant;   and  for  some   years  past  it  has  become  -®^f"^ 

increasingly  probable  that   this   consists  in  the       s^^^V^'i'^'f 
presence  of  some  pathogenic  organism.     Koch  ap-      ~"^V^- ^3  ■.'•,\©^~ 
pears  to  have  discovered  the  organism.     His,  and         ^     '""" ' 
all  subsequent  investigations,  tend  to  show  that     -.  \!'!  *  "" 

^  o  ■>  In  phthisical  spu- 

the  Bacillus  tuberculosis  is  invariably  present  tum.  x  30o. 
both  in  the  lungs  and  in  the  sputum  in  all  cases 
of  phthisis.  (Fig.  146) ;  and  we  must  therefore  regard  phthisis 
as  a  more  or  less  chronic  pulmonary  tuberculosis  (see  pp.  276-7). 
In  considering  the  causes  of  the  differences  in  the  histological 
changes  in  the  lungs,  it  is  important  to  bear  in  mind  what  has 
been  already  stated  respecting  the  variations  in  the  character  of 
the  textural  alterations  in  inflammation  which  are  produced  by 
differences  in  the  intensity  and  duration  of  the  inflammatory 
process.     When    studying  the  process  of  inflammation  it  was 
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seen  that  the  most  intense  forms  of  the  process  were  character- 
ized by  abundant  fluid  and  corpuscular  exudation ;  whereas  in 
inflammations  of  less  intensit}^  and  longer  duration,  tissue- 
formation  played  a  prominent  part.  These  textural  changes 
also  varied  according  to  the  intensity  of  the  inflammation.  In 
the  least  severe  and  most  chronic  forms  these  changes  tended  to 
be  limited  to  the  elements  immediately  adjacent  to  the  blood- 
vessels and  Ijmiphatics,  whereas  in  inflammations  of  somewhat 
greater  intensity  more  distant  elements  became  involved.  Fur- 
ther, whereas  in  the  former  case  these  changes  usually  resulted 
in  the  formation  of  a  small-celled  tissue  which  tended  to  become 
fibroid,  in  the  latter,  the  more  distant  elements — being  in  most 
cases  incapable  of  further  development — tended  to  undergo 
retrogressive  changes.  In  the  lungs,  the  truth  of  these  propo- 
sitions was  borne  out  by  the  dift'erences  which  were  seen  to 
exist  in  the  histological  characters  of  the  lesions  in  the  various 
forms  of  pulmonary  inflammation,  and  also  in  acute  tuberculosis. 

If  the  pathology  of  these  inflammatory  processes  in  the  lungs 
be  kept  in  view,  the  explanation  of  the  difl^erences  in  the  histo- 
logical characters  of  the  lesions  in  pulmonary  phthisis  becomes 
evident.  In  those  cases  in  which  the  inflammatory  processes 
are  of  slight  intensity  and  of  long  duration,  the  most  marked 
structural  change  will  consist  in  the  development  of  a  small- 
celled  growth  in  the  alveolar  walls  and  in  the  interlobular  tissue 
— a  growth  which  tends,  more  or  less,  to  become  developed  into 
a  fibroid  structure;  whereas  in  those  cases  in  which  the  inflam- 
mation is  of  greater  intensity,  fluid  and  corpuscuhir  exudation, 
and  proliferation  of  the  alveolar  epithelium,  will  constitute  njore 
prominent  parts  of  the  process. 

The  intensity  of  tlie  inflammatory  process  not  only  determines 
the  histological  characters  of  the  pulmonary  consolidation,  but 
also,  to  a  great  extent,  the  subsequent  changes  which  take  place 
in  it.  In  those  cases  of  phthisis  in  which  the  intensity  of  the 
inflammatory  process  is  considerable,  not  only  do  the  epithelium 
and  exudation-products  which  have  accumulated  within  the 
alveoli  quickly  degenerate  and  break  down,  but  any  small-celled 
tissue  which  may  have  been  developed  in  the  alveolar  walls  or 
around  the  terminal  bronchioles  also  softens  and  dies,  and  tlius 
the  vitality  of  large  tracts  of  the  pulmonary  consolidation  may 
become  destroyed.     In  those  cases,  on  the  other  hand,  in  which 
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the  process  is  less  intense,  the  small-celled  growth  produced  in 
the  alveolar  and  bronchial  walls  is  more  permanent,  and  there 
is  an  increase  in  the  interlobular  connective  tissue.  It  is  these 
two  kinds  of  change,  the  one  tending  toward  death,  and  the 
other  toward  the  production  of  new  tissue,  which  produce  the 
caseation  and  softening  on  the  one  hand,  and  the  induration 
on  the  other,  which,  associated  in  such  various  degrees,  make 
up  the  diverse  physical  characters  of  the  phthisical  lung. 

These  various  secondary  changes  which  may  take  place  in  the 
pulmonary  consolidation  of  phthisis  must  be  considered  more 
fully.  They  are  of  three  kinds — resolution,  development  into 
an  imperfect  fibroid  tissue,  and  retrograde  metamorphosis. 

Resolution.  Much  of  that  consolidation  of  the  lung  which  is 
the  most  rapidly  induced,  and  which  is  consequently  owing  to 
the  presence  of  intra-alveolar  exudation-matter,  may  become 
absorbed.  The  resolution  of  the  consolidation  may  thus  be 
complete,  or  after  the  absorption  of  the  intra-alveolar  products 
there  may  remain  more  or  less  infiltration  of  the  alveolar  walls. 

Fibroid  Development.  This,  as  has  been  seen,  may  take  place 
-in  the  growth  in  the  alveolar  walls,  and  also  in  the  new  inter- 
lobular tissue.  The  tissue  which  originates  in  the  walls  of  the 
alveoli,  however,  being  for  the  most  part  destitute  of  blood- 
vessels, is  incapable  of  forming  a  very  mature  structure,  although 
it  may  develop  into  an  imperfect  tissue,  which  may  remain  for 
some  time  permanent,  and  so  contribute  to  the  induration  of  the 
lung.  In  the  new  interlobular  tissue  there  is  not  the  same  inter- 
ference with  the  vascular  supply,  and  hence  this  forms  a  much 
more  fully  developed  and  permanent  structure,  and  it  is  the 
principal  source  of  the  pulmonary  fibrosis.  The  extent  of  this 
fibrosis  is,  for  the  most  part,  in  direct  proportion  to  the  chron- 
icity  of  the  disease. 

Betrograde  Metamorphosis.  It  is  this  kind  of  change  which 
leads  to  that  caseation,  softening,  and  disintegration  which  is  so 
characteristic  of  phthisis,  and  which  distinguishes  phthisical 
from  other  forms  of  pneumonic  consolidation.  A  retrograde 
change  in  the  inflammatory  products  is  an  invariable  accom- 
paniment of  acute  non-phthisical  pneumonia.  Much  of  the 
exudation  matter  and.  epithelium  which  fill  the  alveoli  under- 
goes fatty  and  mucoid  changes,  and  as  the  circulation  becomes 
restored  in  the  pulmonary  capillaries,  the  degenerated  products 
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are  absorbed,  and  the  lung  remains  intact.  In  phthisical  con- 
solidation, however,  this  removal  of  the  inflammatory  products 
does  not  take  place.  The  contents  of  the  alveoli  degenerate, 
but  the  degenerated  products  are  not  absorbed,  and  the  consoli- 
dated lung  undergoes  a  rapid  or  gradual  process  of  disintegra- 
tion. 

In  studying  the  causes  of  this  retrograde  metamorphosis, 
which  constitutes  so  essential  a  feature  of  the  disease,  we  find 
that  it  is  due  principally  to  conditions  interfering  with  the  cir- 
culation. Of  these  conditions,  that  which  probably  occupies 
the  most  prominent  place  is  that  cellular  infiltration  of  the  walls 
of  the  alveoli  and  smaller  bronchi  which  is  such  a  constant 
though  very  variable  factor  in  phthisis.  It  has  been  seen  that 
this  infiltration  is  especially  characteristic  of  scrofulous  inflam- 
mations, and  that  it  occurs  in  a  modified  form  in  those  who  are 
not  markedly  scrofulous,  and  also  in  all  pulmonary  inflamma- 
tions which  become  chronic.  When  the  infiltration  is  marked, 
and  especially  when  rapidly  induced,  the  efiect  of  the  pressure 
which  the  young  cells  exercise  upon  the  pulmonary  capillaries 
is  to  obstruct  the  circulation,  and  so  not  only  to  prevent  the 
absorption  of  any  intra-alveolar  products,  but  also  to  lead  to 
necrotic  changes. 

Amongst  other  conditions  which  tend  to  interfere  with  the 
circulation,  and  so  to  cause  necrosis,  must  be  mentioned,  as 
obtaining  in  the  most  acute  forms  of  phthisis,  the  pressure  which 
is  exercised  upon  the  pulmonary  capillaries  by  the  inflammatory 
products  which  have  accumulated  within  the  alveoli ;  and  that 
tendency  to  stagnation  of  the  blood-stream  which  is  an  invariable 
accompaniment  of  every  intense  inflammation.  A  destruction 
of  the  capillaries  by  the  tubercle  bacillus  possibly  constitutes  a 
factor  in  the  process. 

In  addition  to  the  interference  with  the  circulation,  an  im- 
portant element  in  the  causation  of  the  retrograde  changes  of 
phthisis  is  probably  that  inherent  weakness  of  the  lungs  (usually 
inherited),  which  not  only  renders  them  especially  susceptible  to 
injury,  but  also,  when  injured,  renders  them  abnormally  incapa- 
l:)le  of  recovering  from  the  inflammatory  process  which  has  been 
induced. 

In  many  cases  of  phthisis  also,  especially  in  the  more  chronic 
forms,  secondary  inflammation  and  ulceration  of  the  pulmonary 
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consolidation,  resulting  from  the  injurious  influence  of  retained 
secretions  and  inflammatory  products,  contribute  to  the  de- 
struction of  the  lung. 

Etiology. — In  studying  the  etiology  of  phthisis  it  is  obvious, 
in  the  first  place,  that,  accepting  the  tubercle  bacillus  as  an 
essential  element,  something  more  is  necessary  for  the  produc- 
tion of  the  disease.  The  bacillus,  as  has  been  seen,  must  in 
some  situations  be  constantly  entering  the  lungs  by  means  of 
the  respired  air  (p.  276) — in  hospitals  set  apart  for  the  treatment 
of  consumption  the  source  of  infection  must  abound,  and  yet 
how  exceedingly  rare  are  the  instances  in  which  the  development 
of  phthisis  resulte.  The  other  necessary  factor  is  something 
inherited  or  acquired — inherent  in  the  individual. 

The  influence  of  hereditary  predisposition  is  so  marked  that  it 
must  necessarily  occupy  a  prominent  place  in  the  pathology  of 
phthisis.  As  to  the  nature  of  what  is  transmitted — although  in 
quite  exceptional  cases  this  may  possibly  be  the  tubercle  bacillus 
— speaking  generally  it  is  in  all  probability  simply  a  tendency  to 
disease.  It  may  be  said  that  this  tendency  consists  in  some 
feebleness  of  the  constitution  in  general,  and  often  of  the  lungs 
and  other  organs  in  particular.  As  a  result  of  this  feebleness 
there  is  usually  a  want  of  constitutional  vigor,  the  power  of 
resisting  injurious  influences  is  diminished,  and  the  lungs  and 
often  other  organs  and  tissues  which  are  especially  weak  are  in 
consequence  abnormally  liable  to  become  inflamed.  Further — 
this  inherited  weakness  not  only  renders  certain  organs  abnor- 
mally liable  to  inflammation,  but  also  abnormally  incapable  of 
recovering  from  the  effects  of  the  inflammatory  process ;  and 
there  is  thus  more  or  less  tendency  to  retention  and  accumula- 
tion of  inflammatory  products.     (See  "  Scrofula.") 

Another  important  factor  in  the  development  of  phthisis  is 
the  state  of  the  general  health.  Quite  apart  from  any  inherited 
constitutional  feebleness,  there  can  be  no  doubt  that  an  impaired 
state  of  health  greatly  favors  the  development  an'd  progress  of 
the  disease.  It  is  when  both  these  obtain  that  we  have  the  most 
favorable  conditions. 

In  these  two  conditions,  therefore,  hereditary  predisposition 
and  state  of  general  health,  we  have  the  other  factor — the  some- 
thing inherent  in  the  individual  which  appears  to  be  necessary 
for  the  production  of  phthisis.    It  is  this  inherent  condition  which 
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must  be  regarded  as  constituting  a  soil  favorable  to  the  devel- 
opment of  the  inspired  bacillus,  and,  whatever  it  may  be,  its 
importance  is  difficult  to  overestimate. 

So  little  is  at  present  known  of  the  life-history  of  the  Bacillus 
tuberculosis  that  the  circumstances  which  favor  its  growth 
cannot  be  formulated ;  but  in  endeavoring  to  understand  the 
favorable  influence  inherent  in  the  individual  in  the  case  of 
phthisis,  we  shall  probably  fi.nd  some  explanation  in  the  ajpical 
distribution  of  the  pulmonary  lesion. 

The  causes  of  this  apical  distribution  are  probably  to  be 
sought  for  in  the  diminished  range  of  respiratory  movement 
which  obtains  in  the  highest  portions  of  the  lungs.  As  a  result 
of  this  diminished  movement,  there  are  diminished  aeration  of 
blood,  and,  in  certain  conditions  of  health,  a  tendency  to  stagna- 
tion of  the  blood-stream  in  the  pulmonary  capillaries.  The 
stagnation  of  the  circulation  leads  to  more  or  less  injury  of  the 
walls  of  the  vessels,  and  a  slight  leakage  is  thus  induced. 

It  is  obvious  that  any  inherited  or  acquired  weakness  must 
favor  the  occurrence  of  these  apical  changes.  General  feeble- 
ness and  want  of  vigor  lead  to  loss  of  muscular  strength  and 
weakness  of  the  heart,  and  thus  tend  to  prevent  the  full  expan- 
sion of  the  chest,  to  cause  a  stooping  posture  of  the  body,  and 
to  impair  the  blood-  and  air-circulation — all  conditions  favoring 
blood-stagnation  in  the  highest  portions  of  the  lungs.  Further, 
the  toneless  condition  of  the  bloodvessels,  and  the  poverty  of 
the  blood  with  which  the  constitutional  feebleness  is  so  often 
associated,  furnish  the  conditions  which  are  the  most  favorable 
to  transudation.  May  not  the  existence  of  such  physical  condi- 
tions in  the  highest  portions  of  the  lungs,  if  not  essential  to,  at 
all  events  greatly  favor,  the  injurious  influence  of  the  inspired 
bacillus  ?  And  may  we  not,  by  treatment  which  tends  to  obviate 
them,  do  much  to  prevent  the  development  of  phthisis? 
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inflammation  of  the  brain  and  spinal  cord. 

Inflammatory  processes  in  the  nervous  centres  are  less  fre- 
quent than  was  formerly  supposed.  Many  of  the  morbid 
changes  in  the  brain  and  spinal  cord  attended  by  softening  and 
formerly  regarded  as  the  result  of  inflammation,  are  now  known 
to  arise  from  simple  interference  with  the  blood-supply,  such  as 
results  from  thrombosis,  embolism,  or  degenerative  changes  in 
the  walls  of  the  bloodvessels.     (See  "  Cerebral  Softening.") 

Inflammation  of  the  brain  and  spinal  cord  may  begin  upon 
the  surface,  being  secondary  to  an  inflammation  of  the  men- 
inges, or  it  may  commence  in  the  substance  of  the  organs. 
Sometimes  the  process  is  diffuse,  sometimes  circumscribed.  It 
may  run  either  an  acute  or  a  chronic  course. 

Meningitis. — This  may  arise  by  direct  extension  from  other 
parts,  especially  the  petrous  bones  around  the  middle  ear;  or  it 
may  be  due  to  wounds  (septic)  or  to  injuries  without  wounds 
such  as  blows,  and  especially  exposure  to  great  heat.  It  may 
constitute  the  specific  lesion  of  an  infective  disease  (epidemic 
cerebro-spinal  meningitis);  or  it  may  appear  as  a  secondary 
lesion  in  the  courses  of  other  infective  diseases,  as  acute  rheu- 
matism, pyaemia,  erysipelas,  typhoid,  etc.  It  may  also  be  due 
to  the  presence  in  the  membranes  of  abnormal  bodies,  particu- 
larly tubercle  (p.  279). 

In  these  cases  a  serous,  fibrinous,  or  purulent  exudation  occu- 
pies the  subarachnoid  space,  occurring  in  greatest  abundance 
where  this  space  is  largest — i.  e.,  in  the  interpeduncular  space, 
the  region  of  the  anterior  perforated  spot,  and  the  grooves  of 
the  sulci.  Whilst  tubercular  meningitis  affects  chiefly  the  base, 
that  from  sunstroke  and  the  infective  forms  are  most  marked 
upon  the  convexity  of  the  brain.  The  spinal  meninges  are  as  a 
rule  less  affected  than  the  cerebral.  The  velum  interpositum  is 
often  inflamed,  leading  to  effusion  of  fluid  into  the  ventricles; 
the  ependyma  thickens  and  becomes  rough  on  the  surface.    The 
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brain-substance  generally  is  hyperDgmic,  often  oedematous  and 
soft;  immediately  beneath  the  inflamed  membrane  the  conges- 
tion is  marked,  small  hemorrhages  are  common,  and  the  gray 
matter  is  more  or  less  iniiltrated  with  cells.  The  extent  of  the 
brain-changes  corresponds  with  the  extent  and  duration  of  the 
meningeal  inflammation. 

The  above  are  generally  acute  diseases ;  but  chronic  inflamma- 
tions occur  from  alcoholism,  in  general  paralysis,  syphilis,  and 
other  diseases,  leading  to  circumscribed  thickenings  of  the  mem- 
branes, adhesions  of  the  membranes,  and  superficial  sclerosis  of 
the  subjacent  brain-  or  cord-substance. 

Encephalitis  and  Myelitis. — Inflammations  commencing  in 
the  substance  of  the  brain  or  spinal  cord  are,  as  a  rule,  circum- 
scribed; but  in  the  cord  it  is  not  uncommon  for  myelitis  to 
extend  through  a  considerable  length  of  the  gray  matter.  Me- 
chanical injury  causing  contusions  and  lacerations  is  a  common 
cause  of  inflammatory  round-celled  infiltration  ;  so  also  is  press- 
ure, as  is  best  seen  in  the  neighborhood  of  tumors,  tubercular 
masses,  parasites,  etc.,  and  in  angular  curvature  of  the  spine. 
Cases  occur  also,  especially  in  the  cord,  in  which  the  cause  of 
the  inflammation  is  obscure.  According  to  Charcot,  hemor- 
rhage into  the  cord  is  generally  the  result  of  myelitis.  Sup- 
puration in  the  cord  is  extremely  rare;  in  the  brain  it  is  more 
common,  though  still  rare.  In  this  situation  the  ordinary  causes 
of  abscess  are  three  :  (1)  Direct  injury  to  the  head,  sometimes  of 
a  slight  kind  and  unaccompanied  by  wound,  but  generally  frac- 
turing the  skull,  producing  a  wound  and  even  leaving  a  foreign 
body  in  the  brain-substance.  (2)  Disease  of  the  skull-bones, 
especially  of  the  petrous  part  around  the  middle  ear.  In  these 
cases  the  membranes  and  brain  may  all  be  adherent  to  the  dis- 
eased bone,  and  the  abscess  lie  close  to  the  surface;  or  the 
abscess  may  lie  deeply  in  the  substance  of  the  brain  and  produce 
no  disturbance  of  the  membranes.  (3)  Pyaemia  :  The  abscesses 
in  these  cases,  which  are  rare,  are  often  multiple. 

The  process  of  inflammation  in  the  brain  is  the  same  as  else- 
where. It  begins  with  hypersemia,  often  accompanied  by  minute 
extravasations  of  red  corpuscles ;  the  tissue  becomes  infiltrated 
with  leucocytes  and  considerably  softened,  so  that  it  washes 
away  under  a  stream  of  water  too  gentle  to  afifect  the  healthy 
substance.       At  first    uniformly  red    or    mottled,  the    softened 
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tissue  gradually  acquires  a  brownish  or  brownish-yellow  color, 
owing  to  changes  in  the  haemoglobin.  The  nerve-fibres,  nerve- 
cells,  and  cells  of  the  neuroglia  become  fatty  and  disintegrate ; 
the  fat-granules  are  taken  up  by  leucocytes,  which  grow  into 
large,  very  granular  cells,  called  "  inflammatory  "  or  exudation- 
corpuscles,  or  corpuscles  of  Gluge.  (See  Fig.  15.)  The  above 
process  is  described  as  Inflammatory  Softening,  and  is  quite  dis- 
tinct from  the  degenerative  softenings  ftom  embolism,  throm- 
bosis, etc.  (p.  75). 

If  the  cause  is  of  such  a  nature  as  to  lead  to  suppuration,  cell- 
infiltration  increases  greatly,  replacing  the  normal  structure ; 
then  the  centre  of  the  mass  dies,  and  a  yellowish  or  reddish  pus 
forms.  Such  an  abscess  may  spread  until  it  bursts  either  ex- 
ternally or  into  the  ventricles,  and  if  it  be  opened  during  this 
stage  its  walls  will  be  found  shaggy,  very  vascular,  dotted  with 
hemorrhages,  and  softer  than  normal;  whilst,  microscopically, 
all  the  stages  of  inflammation — from  suppuration  downward — 
would  be  seen.  But  the  abscess  may  at  any  time  cease  to  spread, 
and  become  surrounded  by  a  capsule  of  connective  tissue,  whilst 
'the  pus  often  undergoes  mucous  degeneration,  and  becomes  thick 
and  viscid.  It  is  thought  that  pus  thus  encapsuled  may  dry  up 
and  caseate  or  calcify,  or  even  be  completely  absorbed,  leaving 
little  more  than  a  scar.  Abscesses  may  occur  in  any  part  of  the 
brain,  but  are  most  common  in  the  temporo-sphenoidal  lobes. 

Sclerosis  of  the  Brain  and  Spinal  Cord. 

Many  diseases  are  characterized  by  the  presence  of  excess  of 
fibrous  tissue  in  difierent  parts  of  the  central  nervous  system, 
such  excess  being  accompanied  by  degeneration  and  atrophy  of 
the  proper  nervous  elements.  The  abnormal  tissue  is  just  such 
as  results  from  a  productive  inflammation  (p.  250),  and  many 
pathologists  regard  these  diseases  as  of  inflammatory  origin. 
There  is,  however,  much  room  for  doubt  in  many  cases,  and 
other  observers  prefer  to  look  upon  the  increase  of  connective 
tissue  as  due  to  a  hyperplasia  of  the  neuroglia,  the  cause  being 
unknown.  As  lesions  of  this  nature  produce  indaratian  of  the 
parts  affected,  they  are  called  Scleroses.  In  their  early  stages, 
however,  which  are  rarely  seen,  softening  rather  than  induration 
results. 


392       INFLAMMATION    OF    BRAIN    AND    SPINAL    CORD. 

Sclerosis  may  be  either  primary  or  secondary,  i.  e.,  the  fibroid 
overgrowth  may  first  appear,  and  by  its  pressure  cause  atrophy 
of  the  nerve-tubules ;  or  the  primary  lesion  may  be  that  rapid 
degeneration  of  nerve-fibres  which  follows  their  separation  from 
the  cells  of  which  they  are  processes,  the  fibroid  overgrowth 
being  consequent  upon  this.  These  changes  may  affect  either 
the  brain  or  the  cord,  and  may  be  more  or  less  diffuse  in  distri- 
bution, or  limited  to  physiological  tracts,  such  as  the  crossed 
and  direct  pyramidal;  or  small  patches  may  be  irregularly 
scattered  through  the  part — disseminated  or  insular  sclerosis. 
Either  the  gray  or  white  matter  may  be  the  primary  seat  of  the 
lesion,  but  in  certain  diseases  the  overgrowth  generally  extends 
from  the  one  into  the  other,  whilst  in  others  such  extension 
hardly  ever  occurs. 

Naked-eye  Appearances.     In  the  earliest  stage  a  soft  red  patch, 

with  more  or  less  swelling,  may  indicate  the  seat  of  disease ;  but 

much  more  commonly  the  area  is  pale  and  grayish,  its  trans- 

lucency  and  firmness  varying  with  the  relative  proportions  of 

cells  and  fibrous  tissue  present.     The  part  may  be  swollen,  of 

normal  size,  or  contracted ;  and  the  pia  mater  is  generally  more 

or  less   adherent.     Often  however,  no 

FiQ.  147.  naked-eye   change  can  be  detected  in 

the  fresh  cord.     This  should  always  be 

cut  into  portions   about  half  an  inch 

long,  kept  together  by  the  membranes 

on  one  side,  and  placed  in  bichromate 

of  ammonia  (2  per  cent.).     This  stains 

-%  the  normal  nerve-tissue  greenish-brown, 

whilst  the  sclerosed  tracts  remain  pale 

Sclerosis     of     spiiial      cord.  .  ^ 

From  a  case  of  progressive     yellow,    and    are    easily   detected   and 
muscular  atrophy.    A  trans-     traced.     In  scctious,  the  altered  tissue 

verse    section       Showing    the        g^^-^^g    ^^         .       ^-^j^     Carmine.       This    is 

atrophy  and  disappearance  of  ^    "^ 

the  nerve-fibres,  and  the  new        OWing    tO    the    fact    that    the    whltC    Sub- 

tissue  between  them.    X  200.       staucc   of    the    nervc-fibres    does    not 
stain,  but  the  connective  tissue  stains 
deeply.     Hence  the  degree  of  staining  is  valuable  as  indicating, 
even  to  the  naked  eye,  the  degree  of  the  sclerosis. 

Microscopical  Appearances.  In  the  cord  it  is  almost  always 
possible  to  compare  the  diseased  with  healthy  tracts.  .  We  then 
find,  as  a  rule,  that  in  the  white  matter  the  clear  rings  (substance 
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of  Schwann),  which  normally  surround  the  axis  of  cylinders, 
have  disappeared  in  the  former,  few  if  any  axis-cylinders  being 
visible  in  it,  and  the  connective  tissue  has  increased  so  as  to 
replace  more  or  less  completely  the  lost  medullary  substance. 
(Fig,  147.)  In  rarer  cases  leucocytes  are  found  infiltrating  the 
patch,  and  exudation-corpuscles  may  be  numerous.  The  walls 
of  the  bloodvessels  (external  coats)  also  are  said  to  be  thickened. 

In  the  gray  matter,  intense  hypersemia  is  present  in  the  early 
stages,  and  more  or  less  round-celled  infiltration.  This  is  suc- 
ceeded by  fibroid  overgrowth  such  as  the  above.  The  nerve- 
cells  may  be  swollen  at  first,  but  later  on  they  are  shrunken, 
often  pigmented  and  diminished  in  number;  and  not  uncom- 
monly, the  anterior  cornu  may  be  wholly  destitute  of  them. 

Sclerosis  of  the  Brain. — This  is  less  common  than  sclerosis  of 
the  cord,  both  as  a  primary  and  as  a  secondary  lesion.  Primary 
scleroses  of  particular  parts  have  not  been  associated  with 
definite  symptoms.  The  overgrowth  may  be  general,  but  is 
usually  disseminated.  It  is  found  in  many  cases  of  insanity,  but 
most  constantly  in  general  paralysis  of  the  insane,  which  is 
believed  to  be  due  to  sclerosis  of  the  gray  matter  of  the  cortex, 
which  later  extends  into  the  white  substance.  It  is  frequent 
also  in  isolated  convolutions,  in  the  pons  and  medulla  of  epilep- 
tics and  idiots.  As  a  secondary  lesion,  a  band  of  descending 
degeneration  is  found  after  destructive  lesions  of  the  motor 
fibres  anywhere  below  the  cortical  centres.  Such  lesions  are  most 
common  in  the  basal  ganglia,  especially  the  corpus  striatum. 

Sclerosis  of  the  Cord. — In  this  part  of  the  nervous  system, 
certain  symptoms  are  associated  with  sclerosis  of  certain  tracts. 
This  may  be  primary  or  secondary,  and  may  afiect  either  white 
or  gray  matter. 

White  Matter.  Perhaps  the  best  example  of  primary  sclerosis 
of  white  matter  occurs  in  locomotor  ataxy.  In  this  disease  the 
naked-eye  and  microscopic  appearances  above  given  are  found 
in  the  posterior  root-zone  (Fig.  148,  p.r.z.)  (incoordination),  and 
are  almost  always  most  marked,  or  present  solely,  in  the  lumbar 
region.  Commonly  the  sclerosis  involves  also  the  mesial  por- 
tions of  the  posterior  columns,  and  on  the  other  hand  the 
posterior  nerve-roots  and  cells  in  the  posterior  cornu  (lightning 
pains  and  anaesthesia).  It  may  extend  even  to  the  lateral 
columns,  causing   paralysis.      The   process    slowly  extends  up 
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along,  the   posterior   root-zone;    very  rarely   it   may  be    most 
marked  in  the  dorsal  or  cervical  region. 

Idiopathic  lateral  sclerosis  is  another  example,  the  lateral 
columns  being  affected  as  in  the  descending  degenerations  soon 
to  be  described.  The  sclerosis  tends  always  to  extend  to  the 
gray  matter.  Disseminated  sclerosis  also  occurs  in  the  cord,  the 
symptoms  varying  greatly  with  the  spots 
affected.  An  annular  sclerosis  sometimes 
results  from  meningitis  in  caries  of  the 
spine. 

The  secondary  degenerations  of  the  cord 
are  frequent  and  important.  They  are 
divided  into  descending  and  ascending — the 
former  affecting  centrifugal  tracts  (motor), 
the  latter  centripetal  (some  kind  of  sen- 
sory). The  motor  tract  runs  from  the 
motor  cortical  centres  through  the  corpus 
striatum  and  thalamus,  down  the  crus  and 
through  the  pons  into  the  medulla.  Here 
most  of  it  crosses  in  the  decussation  to  the 
opposite  lateral  column  of  the  cord  (crossed 
pyramidal  tract,  Fig.  148,  cp.L),  but  a 
varying  number  of  fibres  run  down  along 
the  anterior  median  fissure  in  the  anterior 
column  of  the  same  side  (direct  pyramidal 
tract,  d.p.t).  These  latter  probably  keep 
on  passing  to  the  opposite  side  through 
the  anterior  commissure,  and  the  fasciculi 
have  generally  disappeared  in  the  lower 
dorsal  region.     The  crossed  tract  extends 


Secondary  degeneration. 
Section  through  the  cervical 
and  lower  dorsal  region  of  a 
cord  destroyed  by  a  fracture 
below  the  mid-dorsal  region. 
The  upper  shows  the  ascend- 
ing degenerations  in  the 
column  of  Goll  and  the  cere- 
bellar tract;  the  lower,  the 
descending  degenerations 
in  the  lateral  and  anterior 
columns.  e.g.  Column  of 
Goll.  p.r.z.  Posterior  root 
zone.  c.t.  Cerebellar  tract. 
c.p.t.  Crossed  pyramidal 
tract,  d.p.t.  Direct  pyra- 
midal tract. 


to  the  lower  end  of  the  lumbar  enlarge- 


ment. Removal  of  the  motor  cortical 
centres,  on  one  side,  will  therefore  cause  degeneration  of  the 
whole  motor  tract  springing  from  it;  and  lesions  lower  down 
will  cause  degeneration  of  the  portion  of  the  tract  below  them, 
more  or  less  complete  according  to  the  number  of  fibres  they 
damage.  The  tendency  of  this  secondary  lateral  sclerosis  to 
extend  into  the  gray  matter  is  much  less  than  that  of  the 
primary,  and  atrophy  of  muscle  is  proportionately  rarer. 
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Ascending  lesions  affect  the  columns  of  Goll(Fig.l48,  e.g.)  and 
the  cerebellar  tract  {c.t.) ;  the  former  extends  the  whole  length 
of  the  cord,  the  latter  comes  to  the  surface  about  the  second  or 
third  lumbar  nerve,  and  runs  upward.  In  two  cases  (Gowers's 
and  Hadden's),  bands  of  ascending  degeneration  have  been  seen 
on  the  surface  of  the  lateral  column  anterior  to  the  cerebellar 
tract. 

The  difference  between  the  two  sets  of  lesions  is  that  the  cells 
which  govern  the  nutrition  of  the  motor  fibres  are  at  their  upper 
ends  (cortical  cells,  fourth  layer  ?),  whilst  those  which  govern 
the  nutrition  of  the  sensory  fibres  are  situate  at  their  lower  ends, 
in  the  gray  matter  of  the  cord  (posterior  cornu  and  Clarke's 
column  ?).  The  sketches  (Fig.  148)  were  taken  from  a  case  of 
fractured  spine  a  little  below  the  mid-dorsal  region,  in  v/hich 
the  patient  lived  seven  months;  they  show  the  ascending  and 
descending  degenerations  well.  Statements  vary  as  to  the  time 
at  which  the  degeneration  becomes  apparent;  Bastian  says 
seven  to  fourteen  days;  Schiefferdecker  found  that  in  dogs  it 
began  after  fourteen  days,  was  well  marked  after  four  or  five 
weeks,  but  no  sclerosis  was  noted  until  the  eighth  week  (Ross, 
vol.  i.  p.  844). 

Knowing  the  extent  of  these  tracts,  it  is  easy  to  see  what  sec- 
ondary degenerations  will  result  from  a  given  lesion. 

Gray  Matter.  The  great  ganglion-cells  of  the  anterior  cornu 
are  those  which  usually  suffer  primarily.  They  may  be  affected 
in  large  arese,  and  acutely,  as  in  infantile  paralysis  and  the  acute 
spinal  paralysis  of  adults,  in  which  groups  of  muscles  or  all  the 
muscles  of  one  or  more  limbs  become  paralyzed;  extension  may 
occur  for  a  short  time,  but  as  a  rule  it  soon  ceases.  In  the 
general  spinal  paralysis  of  Duchenne  a  similar  lesion  occurs  less 
acutely,  affecting  as  a  rule  the  cells  connected  with  the  lower 
limbs  first,  and  spreading  in  the  course  of  weeks  or  years  to  all 
the  voluntary  muscles,  affecting  them  in  groups  and  causing 
rapid  wasting  of  them.  The  process  may  also  be  chronic,  spread- 
ing slowly,  not  affecting  large  groups  of  cells,  but  a  few  at  a 
time,  so  that  individual  muscles  waste  progressively,  fibre  by 
fibre,  and  paralysis  comes  on  slowly — as  in  progressive  muscular 
atrophy.  It  is,  however,  right  to  say  that  these  lesions  have  not 
been  found  in  all  cases  of  this  disease,  and  it  is  believed  by 
many  that  the  disease  may  have  also  a  peripheral  origin,  being 
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probably  allied  to  cases  of  Duchenne's  pseudo-hypertrophic 
paralysis,  in  which  central  lesions  have  but  rarely  been  found. 

In  describing  sclerosis  of  the  white  columns,  we  have  already 
mentioned  that  the  disease  often  secondaril}^  involves  the  gray 
matter,  e.g.,  in  tabes  dorsalis  and  lateral  sclerosis.  Again,  it  is 
a  common  mode  of  ending  in  these  diseases  for  the  sclerosis  to 
extend  to  the  medulla,  and  destroy  the  cells  of  the  all-important 
nuclei  situate  there.  These  nuclei  suffer  also  primarily  in 
glosso-labio-laryngeal  paralysis. 

In  conclusion,  it  is  necessary  to  remind  the  student  that  it  is 
hopeless  to  attempt  the  diagnosis  of  the  seat  of  nervous  lesions 
without  an  accurate  knowledge  of  anatomy  and  of  nerve-physi- 
ology. With  regard  to  the  cord,  the  following  facts  will  be 
found  useful: 

The  antero-lateral  columns  convey  motor  impulses  from  the 
cerebral  cortex  to  the  cells  of  the  anterior  cornu  by  means  of 
the  direct  and  crossed  pyramidal  tracts.  Other  fibres  (anterior 
root-zone)  are  believed  to  have  a  looped  arrangement,  connect- 
ing cells  of  the  anterior  cornu  at  different  levels,  and  probably 
aiding  in  coordination.  The  function  of  the  cerebellar  tract  is 
unknown.  Lesions  of  these  columns  ofi"er  impediments  to  the 
passage  of  cerebral  impulses,  and  cause  tremors,  paresis,  paral- 
ysis; or,  if  irritant,  rigidity  or  spasm. 

The  posterior  columns  consist  of  the  fasciculi  of  Goll  or  pos- 
terior median  columns  of  which  the  function  is  unknown,  and 
of  the  posterior  root-zone.  The  latter  contains,  in  the  lumbar 
region  at  least,  afferent  fibres  of  ordinary  tactile  sensation,  and 
others  which  convey  impressions  of  temperature  and  pressure 
and  of  muscular  sense;  also  sensory  fibres  from  the  sexual 
organs.  Interference  with  these  columns  will  produce  incoordi- 
nation (from  loss  of  muscular  sense),  diminution  of  sexual  desire, 
and  other  obvious  results. 

With  regard  to  the  gray  matter — the  cells  of  the  anterior  cornu 
are  motor.  Destruction  of  them  causes  paralysis  of  the  muscles 
they  supply,  followed  by  rapid  atrophy  of  the  nerves  and  of  the 
muscles.  The  cells  of  the  posterior  cornu  are  concerned  in  sensa- 
tion and  especially  in  the  transmission  of  painful  impressions. 
The  gray  matter  of  the  cord  contains  also  many  centres,  e.g., 
the  oculo-pupillary  in  the  cervical  and  upper  dorsal  regions; 
vaso-motor  centres  throughout  the  cord  ;  centres  governing  the 
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peristalsis  of  the  alimentary  tube;  others  preserving  the  tone  of 
the  sphincters  vesicae  and  ani ;  others  in  the  lumbar  region 
superintending  micturition,  defecation,  erection,  ejaculation  of 
semen,  and  parturition.  A.11  that  is  known  of  these  centres  is 
that  they  are  not  in  the  anterior  cornu  (Ross),  for  lesions  of  these 
cells  do  not  afiect  them.  Ross  believes  that  the  visceral  centres 
are  in  Clarke's  column,  the  cells  here  being  bipolar  like  those 
of  the  sympathetic,  and  the  tract  existing  only  in  the  dorsal  and 
upper  lumbar  regions  where  visceral  nerves  are  given  off.  The 
head  of  the  columns  is  the  nucleus  of  the  vagus,  the  chief  of 
visceral  nerves.     These  centres  may  all  be  affected  by  lesions. 

The  posterior  root  conveys  sensory  impressions:  lesions  of  it 
will  produce  anaesthesia,  dyssesthesia,  hj^peraesthesia,  pain,  etc. 
The  anterior  root  conveys  motor  impressions :  lesions  of  it  will 
cause  tonic  or  clonic  spasms,  paresis  or  paralysis  with  rapid 
atrophy  of  nerve  and  muscle  beyond. 

Reflexes  are  of  two  kinds — superficial  or  cutaneous,  deep  or  tendon- 
reflexes.  The  latter  are  probably  stretch-contractions,  not  true 
reflexes ;  but  they,  occur  only  under  conditions  favorable  to 
reflex  action.  In  every  reflex  an  afferent  and  an  eflferent  nerve, 
together  with  a  centre,  are  concerned.  In  disease  reflex  excit- 
ability may  be  increased  or  diminished.  It  will  be  increased  by 
anything  which  lessens  the  resistance  to  the  passage  of  the 
stimulus.  Excitation  of  the  cornual  cells  by  strychnia  has  this 
effect,  so,  too,  has  removal  of  cerebral  influence,  as  by  sleep  or 
disease  of  the  lateral  columns.  It  will  be  diminished  by  obstruc- 
tion to  the  stimulus — as  by  sclerosis  of  the  posterior  root-zone 
invading  the  nerve-roots  or  destroying  the  posterior  cornual 
cells,  or  by  damage  to  the  anterior  cells  or  nerve-roots ;  by  some 
sedative  drugs,  as  bromide  of  potash ;  or  by  increased  cerebral 
control,  as  by  an  effort  of  the  will. 
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CHAPTER    XLIV. 

REGENERATIVE    PROCESSES    IN    TISSUES, 

Destruction  of  tissue-elements  has  frequently  been  described 
in  earlier  chapters  as  the  result  of  necrotic  and  various  degenera- 
tive and  inflammatory  processes.  It  must  now  be  briefl}^  stated 
how  such  losses  are  repaired.  It  has  already  been  said  (p.  29) 
that  cells  of  one  embryonic  layer  always  produce  cells  of  tissues 
originally  developed  from  that  layer;  and  it  is  apparently  true 
also  that  true  regeneration  of  a  tissue  occurs  only  from  cells  of 
that  tissue — muscle  from  muscle,  epithelium  from  epithelium. 
Any  form  of  connective  tissue  may,  however,  give  rise  to  any 
other  form — areolar  tissue,  bone,  cartilage,  etc.  With  regard 
to  the  origin  of  these  tissues  from  leucocytes — the  latter  must, 
when  we  consider  their  sources,  be  considered  as  connective- 
tissue  corpuscles. 

The  regenerative  processes  which  may  go  on  in  adult  meso- . 
blastic  tissues,  are  still  imperfectly  known.  Their  reproductive 
energy  has  been  supposed  to  be  limited  to  molecular  repair. 
But  it  is  certain  that  the  cells  of  most  adult  tissues  retain  the 
power  of  multiplication,  though  it  may  not  be  manifest  under 
normal  conditions.  This  is  probably  owing  to  the  facts  that  the 
blood-supply  they  receive  is  sufficient  only  to  maintain  them  in 
statu  quo,  and  that  the  resistances  opposing  growth,  such  as 
pressure  within  the  tissue,  are  now  equal  to  the  force  with  which 
they  tend  to  multiply. 

So  far  as  investigation  has  yet  gone,  the  nuclear  figures, 
described  at  p.  27,  have  been  found  in  each  tissue  to  form  the 
first  stage  of  division  of  cells. 

As  no  extensive  regeneration  occurs  without  the  formation  of 
new  vessels,  it  may  be  well  first  to  state  what  is  known  con- 
cerning their  production. 
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Vessels 


The  formation  of  new  vessels  has  been  studied  chiefly  in  the 
tadpole's  tail,  in  sections  of  healing  wounds,  and  in  teased  pre- 
parations of  granulation-tissue.  At  the  end  of  the  second  day 
after  the  infliction  of  a  wound,  and  later,  pointed  processes, 
which  are  at  first  solid,  are  seen  projecting  from  the  walls  of 
capillaries ;  they  increase  in  length  and  anastomose  with  similar 
processes  from  other  capillaries,  or  with  processes  of  branched 
connective-tissue  corpuscles.  At  first  very  fine,  the  processes 
gradually  widen  and  become  hollow,  and  thus  an  anastomosing 
set  of  vessels  is  produced.  At  this  time  a  few  nuclei  are  seen  in- 
their  walls,  the  result  of  division  of  the  original  cell-nuclei,  but 
nitrate  of  silver  does  not  show  the  lines  of  union  of  individual 
endothelial  cells.  These  develop  subsequently.  The  process 
corresponds  with  that  observed  in  the  embryo  (with  the  excep- 
tion that  no  red  corpuscles  form  in  the  cells),  and  is  the  same  in 
the  healing  of  wounds,  in  new  growths,  and  in  reproduction  of 
lost  parts. 

Two  much  less  certain  modes  of  origin  of  vessels  are  described. 
(1)  In  granulation-tissue,  Thiersch  states  that  lymph-streams 
issuing  from  the  vessels  form  channels  between  the  loosely  con- 
nected cells,  which  ultimately  communicate  with  vessels,  and 
fill  with  corpuscles.  Observations  of  B.  Hirschfeld  support  this 
view.  (2)  Spindle-cells  in  granulation-tissue  are  said  so  to 
arrange  themselves  as  to  form  canals  which  communicate  with 
vessels.  It  is  probable  that  they  are  really  collected  round  a 
bud  from  a  vessel  (Ziegler). 

As  in  the  embryo,  the  new  vessels  may  increase  in  size  with 
the  demands  made  upon  them,  muscular  and  fibrous  coats  being 
formed  by  cells  which  apply  themselves  around  the  original 
tube. 

Adult  vessels  may  increase  greatly  in  size  and  thickness,  as  is 
seen  in  the  gravid  uterus  and  collateral  vessels  of  a  limb  in 
which  the  main  trunk  has  been  tied;  such  vessels  generally 
become  tortuous  as  well  as  wider.  Increased  flow  through  the 
vasa  vasorum  is  always  present. 
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Common    Connective   Tissue. 

This  is  the  most  frequent  seat  of  new  formation  of  all  kinds — 
hypertrophy,  tumor-formation,  and  regeneration.  With  regard 
to  the  latter,  it  seems  that  loss  of  substance  is  made  up  for  from 
two  sources — ^the  fixed  connective-tissue  corpuscles  and  wander- 
ing leucocytes.  Formerly  all  new  cells  in  the  tissues  were 
regarded  as  products  of  connective-tissue  corpuscles.  Then  it 
was  thought  that  adult  conective-tissue  corpuscles  were  incap- 
able of  growth,  and  that  almost  all  new  fibrous  tissue  was  of 
inflammatory  origin,  and  hence  many  pathologists  regard  all 
scleroses  as  inflammatory.  I^ow  the  happy  mean  seems  to  have 
been  reached,  and  it  is  held  that  both  connective-tissue  corpus- 
cles and  leucocytes  may  form  fibrous  tissue.  The  difficulty  in 
estimating  tjie  part  played  by  each  is  extreme;  but  Senftleben's 
experiments  (p.  243)  on  the  cornea  prove  the  regenerative  power 
of  connective-tissue  cells,  and  Zieglier's  experiments  with  glcss 
chambers  (p.  250)  seem  to  demonstrate  with  equal  clearness  the 
development  of  white  blood-corpuscles.  Some  authors  are 
inclined  to  think  that  scar-tissue  of  inflammatory  origin  is  only 
temporary,  being  slowly  replaced  by  tissue  resulting  from  the 
regenerative  processes  going  on  in  the  neighboring  connective- 
tissue  cells.  The  denser  kind  of  connective  tissue  results,  as  a 
rule,  from  inflammation. 


Healing    of  Wounds. 

The  union  of  most  wounds  and  the  repair  of  losses  of  sub- 
stance are  affected  by  the  formation  of  more  or  less  scar-tissue, 
i.  e.,  by  the  development  of  new  vessels  and  new  connective 
tissue.  Several  modes  of  healing  are  described,  but  they  are 
fundamentally  the  same.  They  are:  (1)  Immediate  union;  (2) 
Union  by  first  intention ;  (3)  Healing  by  second  intention  or  by 
granulation;  (4)  Healing  under  a  scab;  (5)  Union  of  two  granu- 
lating surfaces. 

Immediate  Union. — Described  by  Macartney  in  1838,  the  occur- 
rence of  the  process  has  been  confirmed  by  Paget  and  Thiersch, 
who  state  that  it  occurred  in  wounds  inflicted  on  the  tongues 
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of  animals.  The  union  is  said  to  be  effected  by  a  blending  of 
the  practically  unchanged  surfaces  of  the  wound,  no  lymph 
intervening  as  a  bond.  It  is  complete  in  twenty-four  hours,  and 
no  scar  results.  Most  pathologists  deny  that  such  a  process  ever 
occurs.  They  believe  that  lymph,  possibly  only  in  microscopic 
quantity,  invariably  forms  the  first  bond  of  union.  With  them 
the  next  form  is  the  speediest  mode  of  healing  possible. 

Union  by  First  Intention. — This  generally  occurs  in  well- 
treated  incised  wounds.  It  is  prevented  if  the  surfaces  are  not 
accurately  brought  together,  being  left  gaping  superficially  or 
separated  in  their  deeper  parts  by  foreign  bodies,  blood  or  fluid 
exudation  in  any  quantity;  by  movement  of  the  surfaces  on 
each  other;  by  sloughing  of  the  surfaces;  or  by  irritation  of 
any  kind  which  excites  inflammation  going  beyond  the  fibrinous 
stage.  When  these  conditions  are  avoided  by  careful  arrest  of 
hemorrhage,  cleansing,  drainage,  apposition,  provision  for  rest, 
and  prevention  of  septic  and  infective  inflammations,  the  fol- 
lowing changes  take  place :  The  capillaries  become  thrombosed 
up  to  the  nearest  collateral ;  in  tied  or  torsioned  vessels  the 
changes  described  at  p.  215  set  in.  The  injury  inflicted  by  the 
knife  was  severe  but  strictly  localized,  and  of  very  short  dura- 
tion. It  excites  free  exudation  of  fluid  and  corpuscles.  At  first 
there  are  many  red  corpuscles  in  the  discharge,  but  they  rapidly 
diminish,  and  the  fluid  becomes  clear  and  deep  yellow.  The 
discharge  escapes  between  the  edges  of  the  wound  if  it  is  small 
in  quantity,  or  through  channels  purposely  left  if  large.  The 
fibrin  contained  in  the  exudation  coagulates  on  the  opposed 
surfaces,  binding  them  together;  it  contains  more  or  fewer  leu- 
cocytes. It  is  this  lymph  which  forms  the  glaze  on  wounds  left 
open.  The  exudation  diminishes  greatly  as  the  eflect  of  the 
injury  is  recovered  from.  Microscopic  examination,  after 
twenty-four  to  thirty-six  hours,  shows  the  edges  of  the  wound 
separated  by  a  narrow  band  of  small  round  cells;  the  tissues 
close  to  the  incision  are  swollen  and  hazy,  and  more  or  less 
infiltrated  with  leucocytes.  ISTew  vessels  develop  after  the 
second  day,  and  shoot  across  from  side  to  side,  converting  the 
lymph  into  granulation-tissue  (p.  249).  This  then  goes  on  to 
the  development  of  a  scar  (p.  251).  The  number  of  leucocytes 
about  the  wound  varies  with  the  amount  and  duration  of  the 
irritation;  in  some  cases  it  is  quite  difficult  to  make  out  what 
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holds  the  edges  together.  Thus  in  a  herniotomy  wound  ex- 
amined on  the  fourth  day,  the  line  of  incision  was  recognized 
almost  solely  by  the  fact  that  the  fat  on  one  side  was  adherent 
to  the  deeper  layer  of  the  cutis  on  the  other;  the  two  seemed  to 
be  in  actual  contact,  and  there  was  hardly  any  round-celled 
infiltration.  The  part  taken  by  the  tissue-elements  in  scar- 
formation  is  not  yet  determined.  The  older  a  scar  is  the  more 
closely  does  it  resemble  the  normal  tissue. 

Union  by  Granulation. — When  a  wound  cannot  be  brought 
together,  or  when  union  by  first  intention  is  prevented,  this 
form  will  occur.  Until  union  takes  place  a  raw  surface  is  neces- 
sarily exposed  to  some  irritation.  This,  some  think,  keeps  up  a 
constant  exudation  of  fluid  and  leucocytes  from  the  new  vessels, 
just  as  the  original  injury  excited  such  exudation  from  the 
vessels  of  the  normal  tissue.  The  leucocytes  embedded  in  a 
little  intercellular  substance  become  vascularized  into  granula- 
tion-tissue. Others  say  that  after  the  primary  severe  irritation 
has  subsided,  granulation-tissue  is  produced  by  multiplication 
of  the  neighboring  connective-tissue  corpuscles.  However 
formed,  the  tissue  increases  in  amount,  either  by  continued 
infiltration  with  leucocytes  or  by  multiplication  of  its  own  cells, 
or  by  both  processes,  until  the  wound  is  filled  up  to  the  level  of 
the  surface,  when  the  granulations  skin  over,  as  described  on 
p.  257.  A  granulating  wound  under  ordinary  dressings  suppu- 
rates more  or  less  freely,  but  one  treated  antiseptically  and  pro- 
tected from  irritation  by  the  antiseptic  employed,  discharges  a 
serous  fiuid.  A  section  through  granulation-tissue  shows  on 
the  surface  a  layer  of  small  round  cells  with  bi-  or  tri-partite 
nuclei,  embedded  in  a  substance  which  is  actually  fluid  super- 
ficially— this  layer  is  breaking  down  into  pus.  Deeper  are 
found  fibroblasts  (p.  250),  and  deeper  still,  scar-tissue  in  all 
stages  of  formation.  The  thickness  of  the  surface-layer,  and  the 
amount  of  pus  formed,  vary  with  the  irritation  to  which  the 
tissue  is  subjected.  In  some  cases  destruction  equals  or  exceeds 
growth  of  granulations.  Here  again,  therefore,  treatment  should 
be  directed  to  the  avoidance  of  all  unnecessary  irritation. 

Healing  under  a  Scab. — In  this  form  the  exudation  is  small 
in  amount,  and  dries  into  a  scab.  It  is  not  common  in  man 
except  in  superficial  abrasions.  Formation  of  granulation-  and 
scar-tissue  occurs  beneath  it,  as  also  does  the  inward  growth  of 
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epithelium.  When  "skinning  over"  is  complete,  the  scab 
drops  off.  The  dry  scab  is  but  slightly  irritant  in  itself,  and  it 
does  not  putrefy.  When  ulceration  spreads  beneath  a  scab, 
some  infective  agency  is  probably  the  cause.  The  process  of 
scab-formation  is  sometimes  imitated  by  closing  wounds,  often 
leading  to  cavities,  with  collodion ;  or  allowing  blood  or  tincture 
of  benzoin  on  lint  to  dry  and  occlude  the  opening.  Such  treat- 
ment is,  however,  dangerous;  for  if  septic  or  infective  organisms 
have  entered  and  excite  inflammation,  the  absence  of  drainage 
will  be  most  prejudicial. 

Union  of  Two  Granulating  Surfaces. — When  two  surfaces 
have  granulated  as  above  described,  they  may  be  brought  to- 
gether; and  frequently  the  two  surfaces  will  blend,  thus  saving 
the  time  which  would  be  required  for  filling  up  from  the  bottom. 
Free  suppuration  and  imperfect  drainage  will  prevent  such  union. 
This  is  the  way  in  which  abscesses  should  heal  when  their  walls 
are  allowed  to  fall  together  by  evacuation  of  the  pus. 

Adipose    Tissue, 

This  is  merely  connective  tissue,  of  which  the  cells  are  infil- 
trated with  fat.  ISTewly  formed  connective-tissue  cells  may  cer- 
tainly thus  become  infiltrated ;  but  inflammatory  tissue,  as  a  rule, 
remains  free  from  fat. 

Cartilage. 

A  wound  or  breach  in  cartilage  is  generally  repaired  in  the 
first  instance  by  scar-tissue,  which  may  be  replaced  later  by 
hyaline  cartilage  formed  from  the  perichondrium  and  by  pro- 
liferation of  neighboring  cartilage-cells,  the  matrix  being 
formed,  according  to  Strasser,  from  the  protoplasm  of  the  cells. 
Often  this  replacement  by  cartilage  does  not  occur.  In  cases  of 
fractured  rib-cartilage  the  fibrous  tissue  may  ossify  into  a  clasp 
of  bone  round  the  broken  ends. 

Sone. 

The  regenerative  power  of  bone  is  considerable,  and  depends 
chiefly  upon  the  periosteum,  to  a  less  extent  upon  the  marrow. 
The  process  is  best  illustrated  by  the  repair  of  a  simple  fracture. 
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During  the  first  twenty-four  hours  an  examination  shows  the 
broken  ends  of  the  bone  lying  in  a  collection  of  blood  coagulated 
where  it  is  in  contact  with  the  tissues,  but  fluid  round  the  frac- 
ture. The  bone-ends  are  sharp  and  jagged,  the  periosteum 
more  or  less  torn  and  stripped  oft,  the  medulla  more  or  less 
deeply  ecchymosed.  The  injury  to  the  vessels  of  the  part 
excites  exudation  of  fluid  and  of  cells;  the  latter  infiltrate  the 
torn  tissues,  so  that  in  three  or  four  days  they  are  found  to  have 
lost  their  characteristic  appearance,  being  soft,  pink,  and  gelat- 
inous, as  is  best  seen  in  the  medulla.  In  fact,  they  are  granulat- 
ing, and  the  granulation-tissue  increases  in  amount  until  the 
blood  around  the  fracture  has  disappeared,  and  the  ends  of  the 
bones  are  embedded  in  a  mass  of  soft  tissue.  Not  only  do  the 
periosteum  and  medulla  give  rise  to  this,  but  also  other  injured 
soft  parts.  From  the  third  or  fourth  day  certain  large  angular 
cells  are  seen  close  to  the  bone,  which  play  the  part  of  osteo- 
blasts. Here,  as  elsewhere,  the  source  of  the  cells  of  the  granu- 
lation-tissue, after  the  effect  of  the  primary  injury  has  subsided, 
is  disputed ;  some  referring  their  origin  to  leucocytes,  others  to 
the  cells  of  the  medulla  and  periosteum.  This  soft  tissue  is 
found  in  plenty  about  the  tenth  day,  when  it.  is  difficult  to  dis- 
tinguish the  periosteum,  which  is  swollen  and  infiltrated  with 
cells  like  other  parts.  IS'ow,  the  granulation-tissue  becomes 
firmer,  and  at  about  the  fourteenth  day  the  periosteum  can 
again  be  seen  covering  a  spindle-shaped  swelling,  which  extends 
beneath  it  for  some  distance  up  and  down  the  bone.  As  Bill- 
roth says,  the  ends  of  the  bone  are  stuck  into  this  spindle-shaped 
mass  as  if  it  were  soft  sealing-wax;  there  is  a  ring  outside  and  a 
plug  in  the  medulla.  This  uniting  tissue  is  called  the  provisional 
callus.  In  animals  it  is  generally  converted  into  cartilage,  but 
in  man  direct  ossification  usually  begins  in  the  third  week.  In 
man,  however,  when  tolerable  rest  cannot  be  maintained,  as  in 
fractured  ribs  and  many  fractures  in  children,  cartilage  may  be 
developed.  On  the  other  hand,  where  the  most  perfect  rest  is 
obtained,  as  in  fissures  of  the  skull,  little  or  no  provisional  callus 
is  formed;  it  is  always  in  greater  quantity  where  the  bone  is 
thickly  covered  by  soft  parts,  and  rarely  forms  a  complete  ring 
in  man.     It  is  strongly  developed  in  any  angle  or  gap. 

Ossification  of  the  provisional  callus  begins  in  the  angle 
between   the   periosteum   and   the    bone,  and   extends   thence 


BONE.  405 

beneath  the  periosteum  and  along  the  surface  of  the  bone.  The 
plug  m  the  medulla  ossifies  a  little  later.  At  first  the  bone  is 
soft  and  open  in  structure,  and  easily  picked  off  the  shaft.  Its 
canals  are  more  or  less  vertical  to  the  surface  of  the  shaft,  and 
continuous  with  abnormally  wide  Haversian  spaces  in  the  latter. 
Ossification  begins  round  the  vessels  passing  from  the  callus  to 
the  bone,  the  cells  most  distant  from  each  assuming  the  shape 
of  osteoblasts,  and  becoming  surrounded  by  or  converted  into 
bone.  Osteoblasts  inside  each  ring  now  lay  down  laminse  of 
bone  until  Haversian  systems  are  formed.  The  callus  is  now 
intimately  united  with  the  original  bone,  and  holds  the  ends 
firmly  together.  The  medullary  canal  is  blocked  by  bone,  and 
osseous  buttresses  fill  up  any  angle.  This  complete  ossification 
of  the  provisional  callus  is  finished  in  man  between  the  fourth 
and  eighth  weeks,  according  to  the  size  of  the  bone. 

So  far,  the  bony  tissue  has  not  been  mentioned.  The  next 
step  is  to  unite  the  two  ends  directly  by  what  is  termed  perma- 
nent or  dejinitwe  callus.  This  is  said  to  begin  to  form  when  the 
provisional  callus  has  fixed  the  ends  of  the  bones ;  but  prepara- 
tion for  this  union  begins  much  earlier.  The  ends  of  the  bones 
are  to  be  softened  into  a  tissue  which  can  bridge  over  the  gap, 
blend  the  two  fragments  into  one,  and  finally  ossify.  A  rare- 
fying ostitis  begins  probably  immediately  after  the  injury,  and 
results  in  a  round-celled  growth,  which  slowly  eats  away  the 
walls  of  and  enlarges  the  Haversian  canals.  Naturally  this  is  a 
much  slower  process  than  similar  infiltration  of  the  soft  parts. 
So  long  as  the  bones  are  moving  on  each  other,  the  granulations 
would  have  little  chance  of  blending  across  the  gap  ;  but  so  soon 
as  the  fragments  are  fixed  this  union  occurs,  and  ossification, 
running  on  to  sclerosis,  follows.  It  is  probably  not  complete 
before  the  fourth  month. 

The  final  process  in  the  union  of  a  simple  fracture  is  the 
rounding  oif  of  all  prominences,  and  the  absorption  of  all 
unnecessary  provisional  callus.  The  completion  of  this  may 
occupy  years;  but,  ultimately,  in  an  accurately  set  fracture,  the 
medullary  canal  may  be  opened  up  and  most  of  the  thickening 
around  the  shaft  removed.  Generally  the  seat  of  fracture 
remains  evident,  but  Billroth  says  that  in  some  cases  it  cannot 
be  recognized  (10th  edition,  p.  244).  The  analogy  between  the 
repair  of  bone  and  tVie  repair  of  ordinary  connective  tissue,  as 
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described  under  healing  of  wounds,  scarcely  needs  pointing  out ; 
ossification  of  the  scar-tissue  is  the  main  difference. 

Union  of  compound  fractures  is  effected  by  the  ossification  of 
granulation-tissue,  either  directly  or  after  its  conversion  into 
fibrous  tissue.  But  suppuration,  indicating  more  or  less  destruc- 
tion of  the  new  tissue,  and  often  necrosis  of  soft  and  hard  tissues, 
greatly  delay  the  process.  Even  where  compound  fractures 
become  simple  from  the  first  by  union  of  the  wound,  they  are 
often  much  longer  in  healing. 

Muscle. 

A  wound  in  a  muscle,  as  a  rule,  gapes  widely  and  heals  by 
granulation.  In  some  parts,  as  the  tongue,  retraction  is  pre- 
vented and  union  by  first  intention  occurs  readily.  The  proto- 
plasm escapes  through  the  opened  sarcolemma,  and  leucocytes 
penetrate  for  some  distance  between  the  fibres.  Ordinary  scar- 
tissue  develops  from  the  granulation-tissue  and  unites  the  ends 
of  the  muscle.  'New  cells  are  now  produced  by  the  muscle-cells 
on  each  side  of  the  scar,  and  they  invade  and  may  eventually 
replace  the  cicatricial  tissue.  Kraske  says  that  new-muscle-cells 
are  produced  by  multiplication  of  the  nuclei  of  the  old.  Each 
nucleus  becomes  surrounded  by  a  spindle-shaped  mass  of  proto- 
plasm and  divides  to  form  muscle-fibres.  In  some  cases  no 
regeneration  is  evident. 

Regeneration  occurs  more  frequently  to  repair  losses  from 
degeneration,  such  as  that  which  occurs  in  acute  febrile  dis- 
eases, especially  typhoid.  The  new  cells  are  believed  to  spring 
from  small  elements  lying  between  the  original  muscle-fibres, 
or  by  splitting  of  the  old  cells  from  end  to  end. 

Involuntary  muscle-cells  multiply  also  by  division. 

Nerve-cells    and   Nerves. 

Nothing  is  known  of  a  regenerative  process  among  ganglion- 
cells,  and  many  think  that  none  occurs  in  adult  life.  An  ordi- 
nary scar  is  all  that  is  known  to  replace  destroyed  ganglionic 
tissue. 

"When  a  nerve  is  cut  across  union  takes  place  readily  by  scar- 
tissue  if  the  ends  are  brought  together ;  and,  as  a  rule,  function 
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is  restored  in  the  course  of  time,  even  when  a  considerable  piece 
(in  some  cases  nearly  two  inches)  has  been  excised. 

After  division  myelin  escapes  up  to  the  nearest  nodes  of 
Ranvier,  and  blood  is  extravasated  between  the  fibres  and  in 
the  sheath.  Then  leucocytes  infiltrate  the  ends  for  a  short  dis- 
tance, rendering  them  bulbous;  the  soft  parts  are  similarly 
infiltrated,  and  a  mass  of  granulation-tissue  soon  unites  the  ends. 
Later  this  develops  into  ordinary  scar-tissue. 

Beyond  the  degeneration  of  a  few  fibrils,  no  other  immediate 
change  occurs  in  the  central  end.  In  the  peripheral  end  changes 
may  be  noted  after  twenty-four  hours;  they  lead  to  destruction 
of  the  nerve.  The  following  account  is  taken  from  Ranvier 
("Lecons,"  etc.,  1878),  as  quoted  in  Quain's  "Anatomy:"  In 
warm-blooded  animals,  after  twenty-four  hours,  the  nuclei  in 
the  primitive  sheaths  are  found  enlarged,  and  the  sheath  is 
everywhere  visible;  then  protoplasm  accumulates  round  the 
nuclei,  at  the  nodes  and  other  points,  replacing  the  medullary 
substance.  On  the  third  or  fourth  day  these  protoplasmic  masses 
are  so  large  as  to  interrupt  completely  the  sheath  of  Schwann 
at  many  points.  At  the  same  time  the  nuclei  are  seen  to  have 
multiplied  once  or  twice.  A  little  later,  and  almost  all  myelin 
has  disappeared,  the  axis-cylinders  are  broken  into  short  seg- 
ments which  may  finally  go,  and  nothing  remains  of  the  peri- 
pheral end  of  the  nerve  but  the  primitive  sheaths,  full  of  clear 
granular  protoplasm,  in  which  nuclei  are  abnormally  frequent. 
Some  drops  of  myelin  persist.  A  few  fibres  do  not  undergo 
degeneration.  They  are  thought  to  have  sprung  from  other 
undivided  nerves  lower  down,  and  to  be  taking  a  recurrent 
course  in  the  divided  trunk.  These  fibres  degenerate  in  the 
central  end.  These  changes  are  said  to  begin  in  the  muscle- 
plates  in  motor  nerves;  but  they  occur  practically  at  the  same 
time  throughout  the  peripheral  ends.  They  are  generally  com- 
plete in  fourteen  days. 

No  regenerative  changes  occur  for  four  or  five  weeks.  Then 
it  is  found  that  the  axis -cylinders  of  the  central  end  are  dividing 
into  two  bundles  (which  again  divide  several  times)  or  into  sev- 
eral, and  that  these  small  new  axis-cylinders  are  finding  their 
way  through  the  scar-tissue  into  and  between  the  old  primitive 
sheaths.  Growth  of  the  axis-cylinders  always  begins  from  a 
node  next  above  or  close  to  the  section.     A  cross-section  of  the 
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peripheral  end  at  about  the  eighth  week  shows  small  raedullated 
and  non-medullated  nerves,  among  the  old  primitive  sheaths, 
full  of  protoplasm.  The  course  of  these  new  fibres  is  very 
irregular,  especially  through  the  scar,  where  they  may  even 
loop  back.  At  first  non-medullated,  they  acquire,  later,  sheaths 
of  Schwann,  with  nodes  of  Ranvier,  which  are  at  first  placed  at 
short  '  intervals,  as  in  young  nerves.  In  the  scar,  primitive 
sheaths  even  are  at  first  wanting;  but  they  ultimately  form  from 
the  surrounding  connective  tissue. 

Some  months  pass  before  function  is  restored,  a  shorter  time 
being  required  in  sensory  than  in  motor  nerves,  and  it  is  sup- 
posed that  during  this  time  the  axis-cylinders  are  slowly  finding 
their  way  along  the  nerve.  The  number  of  axis-cylinders  pro- 
duced in  this  process  is  much  greater  than  that  of  the  nerves 
destroyed.  It  seems  probable,  therefore,  that  many  atrophy; 
but  their  further  history  is  not  known. 

Cases  occur  in  which  restoration  of  sensation  takes  place 
within  a  few  days  of  the  division  of  a  nerve.  It  has  been  sup- 
posed that  "immediate"  union  of  the  ends  took  place,  but  this 
is  unlikely.  The  explanation  is  probably  that  communicating 
nerves  take  on  the  function  of  the  divided  one. 


Epithelium. 

Epithelium  is  always  derived  from  preexisting  epithelium,  by 
simple  division  of  the  cells.  This  is  shown  by  the  fact,  that  it 
always  spreads  in  from  the  edge  of  an  ulcer,  unless  islets  of  the 
rete  have  been  left  undestroyed  in  the  midst  of  the  granulation- 
tissue. 

The  epithelium  of  the  skin  and  mucous  membranes,  and 
probably  also  of  all  glands,  is  being  destroyed  and  replaced 
throughout  life — sometimes  very  rapidly,  as  in  catarrhs  of 
mucous  membranes. 

Epithelium  is  the  tissue  which  better  than  any  other  bears 
transplanting.  Use  is  made  of  this  in  the  operation  of  grafting, 
in  which  small  bits  of  the  superficial  part  of  the  rete  are  placed 
upon  a  healthily  granulating  surface.  They  are  nourished  by 
the  exudation  at  first,  grow  and  adhere,  forming  centres,  whence 
epithelium  spreads  over  the  surface.  The  cells  of  the  root- 
sheath  of  hairs  answer  the  purpose  well.      Granulation-tissue 
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may  be  skinned  over  in  this  way ;  but  unless  it  forms  scar-tisue, 
the  cicatrix  breaks  down  readily.  Ordinarily,  contraction  pre- 
cedes the  skinning  over. 

Regeneration  of  nails  and  hair  is  frequent. 


CHAPTER  XLV. 


SEPTICEMIA    AND    PYEMIA. 


The  diseases  known  as  Septicaemia  and  Pyaemia  result  from 
the  absorption  and  dissemination  of  substances  derived  usually 
from  the  septic  discharge  of  some  wound  or  acute  inflammation. 
The  two  diseases  are  frequently  associated. 

By  "  Septiceemia  "  is  now  generally  understood  those  forms  of 
septic  disease  which  are  unaccompanied  by  the  development  of 
secondary  inflammations.  "Pyaemia,"  on  the  other  hand,  no 
longer  means  disease  due  to  the  absorption  of  pus  into  the 
blood,  but  includes  cases  of  septic  disease  characterized  by  the 
presence  of  secondary  or  metastatic  suppurations.  These  two 
maladies  are  the  chef  elements  in  the  excessive  mortality  in 
large  general  hospitals,  and  nothing  is  more  clearly  established 
than  that  overcrowding  of  patients  with  septic  wounds  is  indi- 
rectly their  chief  cause.  By  this  process  the  diseases  may 
speedily  be  generated  anywhere.  In  almost  all  cases  of  both 
diseases  there  exists  a  wound  to  which  unpurified  air  has  gained 
access,  or  which  may  have  been  inoculated  directly  from  a 
similar  case. 

The  pathology  of  these  diseases  has  been  worked  at  by  many 
observers,  but  the  results  obtained  were  too  uncertain  and  too 
often  contradictory  to  be  of  much  value  until  the  appearance  of 
R.  Koch's  small  book  on  "  Traumatic  Infective  Diseases  "  (trans- 
lated by  Cheyne,  New  Sydenham  Society)  in  1878.  In  this 
work  Koch  made  known  methods  of  research  which  were  vastly 
more  certain  than  any  which  preceded  them,  and  which  have 
since  been  improved  upon.     His  account  of  the  results  which 
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were  attained  by  these  methods,  and  the  admirable  "  Report  on 
the  ]^ature  and  Causes  of  Pyaemia,  Septicaemia,  and  Purulent 
Infection,"  presented  to  the  Pathological  Society  in  1879,  by  a 
Special  Committee,^  will  be  freely  utilized  in  the  present  chapter. 


Septicaemia. 

Koch  injected  five  minims  of  blood  or  meat-infusion,  in  an 
early  stage  of  putrefaction,  under  the  skin  of  a  house-mouse ; 
the  animal  at  once  became  restless  and  ceased  eating ;  its  move- 
ments soon  became  weak  and  uncertain,  respiration  irregular 
and  slow,  and  death  occurred  in  from  four  to  eight  hours,  or  even 
earlier,  the  time  of  its  occurrence  varying  with  the  size  of  the 
dose.  ]^o  pathological  change  was  found  in  the  body,  and  blood 
inoculated  on  healthy  animals  produced  no  effect.  The  disease 
was  not  infective.  "We  have  here  a  disease  due  to  the  absorp- 
tion into  the  blood  of  putrid  material,  not  characterized  by 
secondary  inflammation ;  it  is  therefore  a  septicaemia.  It  seems 
to  be  due  to  the  presence  of  a  chemical  poison  in  greater  or  less 
quantity  in  the  blood,  and  is  comparable  to  the  result  of  the 
injection  of  a  poisonous  alkaloid.  This  would  exercise  its 
specific  action  upon  the  organism,  and  would,  of  course,  not 
multiply  in  the  body;  the  original  dose  being  diluted  hy  the 
blood-mass,  a  few  drops  of  the  latter  injected  into  a  healthy 
animal  would  have  no  efiect.  This  form  of  septicaemia  is  called 
Septic  Intoxication.  From  an  extensive  series  of  experiments 
Sanderson  gives  the  following  as  its  symptoms  :  Restlessness, 
muscular  twitching,  and  increasing  weakness  till  the  animal 
falls ;  vomiting,  and  profuse  diarrhcea,  the  feces  being  at  first 
loose,  whitish-gray,  but  later  bloody;  the  temperature  rises 
some  degrees  at  first,  often  falling  below  normal  before  death ; 
respiration  and  heart-action  gradually  fail,  and  death  is  some- 
times preceded  by  cramps.  The  corresponding  post-mortem 
appearances  are :  blood  dark,  feebly  clotted ;  petechias  beneath 
peri-  and  endo-cardium  and  pleura;  intense  staining  of  the  endo- 
cardium and  lining  membranes  of  the  great  vessels,  and  often  a 
little  blood-tinged  serum  in  the  serous  cavities,  both  soon  after 
death,  indicating  destruction  of  red  corpuscles  even  during  life; 

1  Trans.  Path.  Soc.  Lond.,  1879. 
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intense  congestion  and  ecchymosis  with  shedding  of  the  epi- 
thelium of  the  mucous  membrane  of  the  stomach  and  intestines; 
spleen  swollen,  soft,  and  pulpy ;  liver  often  swollen  and  con- 
gested. 

As  would  be  expected,  when  less  poison  is  introduced,  the 
resulting  symptoms  are  less  marked,  and  are  quite  absent  when 
one,  or  at  most  two,  drops  of  putrid  blood  have  been  injected. 
After  the  use  of  such  small  quantities  of  blood  mice  often  re- 
mained permanently  welL  But  about  a  third  of  them  sickened 
after  about  twenty-four  hours,  the  symptoms  being  character- 
istic and  constant,  and  not  preceded  by  the  above  toxic  effects. 
They  were  as  follows :  Dulness  of  the  eye  with  increased  con- 
junctival secretion,  finally  glueing  the  lids  together;  the  animal 
moved  little  and  languidly,  and  generally  sat  still  in  peculiar 
attitude;  it  ceased  to  eat,  its  respirations  became  slower,  weak- 
ness steadily  increased,  and  death  came  on  almost  imperceptibly 
in  from  forty  to  sixty  hours  after  inoculation.  Post-mortem 
there  were  found :  slight  oedema,  which  is  often  absent,  at  the 
site  of  injection  or  inoculation,  and  considerable  swelling  of  the 
spleen,  other  organs  appearing  normal. 

It  is  sufficient  in  order  to  cause  death  in  about  fifty  hours, 
and  with  similar'  symptoms,  to  touch  with  a  knife  at  the  point 
most  remote  from  the  seat  of  inoculation  the  subcutaneous 
tissue  of  a  mouse  dead  of  the  disease,  and  with  this  knife  to 
scratch  the  ear  of  a  healthy  animal. 

Here  again  we  have  a  disease  which  must,  according  to  our 
definition,  be  called  Septicaemia.  But  it  differs  from  that  form 
first  described,  in  being  intensely  infective.  Only  a  minute  quan- 
tity of  poison  is  introduced — quite  insufficient  to  produce  toxic 
effects — and  it  multiplies  enormously  in  the  blood.  Some 
twenty-four  hours  of  incubation  pass  whilst  its  development 
reaches  a  certain  state,  with  its  further  increase  the  symptoms 
become  more  severe.     This  form  is  known  as  Septic  Infection. 

The  blood  of  animals  which  died  after  injection  of  1-10  t"i  of 
putrid  blood,  generally  contained  varying  numbers  of  cocci, 
bacteria,  and  bacilli ;  but  after  inoculation  it  contained  only  small 
bacilli.  These  were  present  in  large  numbers,  most  white  cor- 
puscles containing  one  or  many  of  them.  Koch  thinks  they 
grow  into  the  vessels  about  the  seat  of  inoculation,  and  become 
generalized  in  this  way;  he  has  never  seen  them  in  lymphatics. 
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They  occur  in  all  parts,  and  are  not  more  namerous  in  the 
swollen  spleen  than  elsewhere. 

Koch  failed  to  infect  either  rabbits  or  field-mice  with  this 
disease.  The  latter  result  seems  very  curious;  but  Koch  points 
out  that  there  are  obvious  differences  between  the  blood  of  the 
two  animals,  so  it  is  easy  to  imagine  that  differences  may  exist 
which  render  the  blood  of  the  one  suitable,  that  of  the  other 
unsuitable,  for  the  development  of  these  particular  fungi. 

Under  the  heading  Septicaemia,  we  have  therefore  two  dis- 
eases— septic  intoxication,  non-infective,  due  to  the  absorption  of 
a  chemical  poison  manufactured  in  some  putrefactive  process 
external  to  the  body;  and  septic  infection,  due  to  the  entry  of 
specific  fungi  into  the  blood,  and  to  their  multiplication  there. 
The  organisms  probably  act  b}^  producing  poisonous  substances 
in  their  growth,  but  these  products  are  not  irritant,  and  there- 
fore no  secondary  inflammations  arise.  The  fungi  which  charac- 
terize the  septicBemia  of  one  animal  differ  from  those  which 
occur  in  that  of  another — e.^.,  bacilli  in  mice,  oval  cocci  in 
rabbits.  Every  putrid  fluid  probably  does  not  contain  the  or- 
ganisms of  each  of  these  diseases.  The  production  of  septic 
infection  from  putrid  fluids  is  therefore  uncertain.  Thus  Koch 
notes  that  on  two  separate  occasions  he  succeeded  with  putrid 
meat  infusion  in  producing  in  rabbits  the  same  disease,  charac- 
terized by  the  same  cocci. 

In  Man  the  occurrence  of  analogous  forms  is  a  priori  likely, 
and  cases  might  be  quoted  in  which  the  existence  of  pure  septic 
intoxication  or  septic  infection  was  very  probable;  but  the  sub- 
ject has  not  been  at  all  fully  worked  out.  Clinically,  it  is  often 
impossible  to  diagnosticate  between  them,  and  the  post-mortem 
signs  are  very  similar.  The  symptoms  of  septicaemia  in  man 
are  fever,  often  beginning  with  a  rigor,  which  may  be  repeated, 
especially  in  the  infective  form;  all  the  symptoms  of  fever, 
including  delirium,  sometimes  violent,  passing  on  to  stupor  or 
even  coma.  There  are  great  loss  of  strength,  rapid  emaciation, 
dry  tongue,  and  rapid,  feeble  pulse — the  "typhoid"  state  appears 
early.  Vomiting  is  common,  diarrhoea  much  less  so;  but  cases 
do  occur  in  which  the  symptoms  and  pathological  changes  of 
gastro-enteritis  are  well  marked.  A  jaundiced  tint  of  skin  is 
not  uncommon,  and  petechial  spots  may  occur.  Albuminuria 
is  frequent.     In  the   infective  form   death  occurs  quietly  in  a 
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semi-comatose  state,  and  after  a  longer  period  than  the  non-infec- 
tive, the  characteristic  ending  of  which  is  speedy  collapse — the 
patient  dying  with  some  dyspnoea,  and  all  the  symptoms  of  rapid 
cardiac  failure. 

The  red  corpuscles  in  blood  drawn  during  life  run  into  clumps 
instead  of  rouleaux ;  and  Hiiter  states,  as  the  result  of  observa- 
tions on  the  palpebra-tertia  of  infected  animals  and  on  the  lip  of 
man,  that  in  septicsemia  there  is  widespread  capillary  stasis, 
perhaps,  half  the  capillaries  in  a  district  being  full  of  resting 
blood  in  severe  cases.  Frequently,  too,  small  clumps  of  red 
corpuscles  pass  across  the  field  or  stick  in  some  vessel. 

The  post-mortem  signs  are :  Feeble  rigor  mortis  and  early 
decomposition ;  the  blood  may  be  dark  and  fluid,  but  is  more 
often  clotted  as  usual ;  there  is  deep  staining  soon  after  death  of 
the  endocardium  and  lining  membrane  of  the  great  vessels,  and 
any  serous  fluid  in  the  pleurae  or  pericardium  will  be  blood- 
tinged — this  is  owing  to  rapid  disintegration  of  red  corpuscles, 
which  begins  even  during  life;  petechise  occur  beneath  serous 
membranes,  chiefly  on  the  back  of  the  heart  and  under  the 
pleura ;  hypostatic  congestion  of  the  lungs  and  congestion  of 
the  abdominal  viscera  would  be  expected  under  the  circum- 
stances; the  spleen  is  markedly  swollen  and  often  pulpy;  and, 
lastly,  the  mucous  membrane  of  the  alimentary  canal  may  be 
congested,  or  much  more  rarely  inflamed. 

Organisms,  especially  cocci,  have  often  been  found  in  various 
parts  and  organs  in  septicsemia;  they  have  also  often  been 
missed.  Even  when  found,  no  characteristic  form  has  been 
shown  to  be  present. 

Marcus  Beck  calculates,  from  the  results  of  experiments  on 
dogs,  that  from  one  to  two  ounces  of  putrid  serum  or  pus  would 
be  required  to  kill  an  adult  man  by  septic  intoxication.  This 
form  can,  therefore,  occur  only  where  large  cavities  exist  and  are 
imperfectly  drained — e.  ^.,in  bad  compound  fractures,  wounds  of 
joints  or  pleurge,  abdominal  sections,  the  uterus  post-partum,  etc. 
Such  cavities  cannot  always  be  drained;  hence  the  necessity  for 
also  preventing  putrefaction.  Raw  surfaces  and  serous  mem- 
branes are  well  known  to  be  excellent  absorbing  surfaces.  A 
large  quantity  of  poison  may  be  taken  up  by  them  in  a  short 
time.  Granulating  surfaces,  on  the  other  hand,  have  been  shown 
by  Billroth  not  to  absorb  the  putrid  poison.     Hence  septic  intoxi- 
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cation  will  be  most  likely  to  occur  before  granulation  begins.  It 
may  occur  later  if  the  granulation-tissue  is  destroyed  in  any  way. 

Septic  infection  may  occur  from  the  smallest  wound,  and  there 
may  be  distinct  evidence  of  inoculation  of  a  poison.  The  pres- 
ence of  only  a  small  wound  as  evidence  of  inoculation  of  a  septic 
poison,  and  the  discovery  of  organisms  in  the  blood  during  life, 
would  show  that  a  case  of  septic  disease  was  infective. 

Fever  from  three  causes,  apparently,  may  follow  on  an  injur}' 
If  this  is  subcutaneous  or  preserved  from  decomposition,  the 
fever  is  called  aseptic  traumatic  fever.  This  is  said  to  be  due  to 
absorption  of  the  exudation  which  results  from  the  injury,  and 
which  contains  a  quantity  oi  fibrin  ferment.  This  body  has  been 
shown  by  Kohler  to  be  pyrogenous.  It  is  usual  for  the  tem- 
perature to  rise  to  100°  F.  or  so  after  simple  fractures  and  severe 
contusions.  IS'ext,  inflammation  may  occur  at  the  seat  of  injury 
from  tension  and  like  causes,  without  any  decomposition  or 
infection  of  the  wound ;  quantities  of  exudation  are  absorbed, 
and  fever  in  proportion  excited.  This  is  simple  inflammatory 
fever.  Lastly,  the  discharges  from  a  wound  may  putrefy,  and 
the  chemical  products  of  putrefaction  are  absorbed,  giving  rise 
to  what  has  ordinarily  been  called  traumatic  or  surgical  fever.  It 
is  best  spoken  of  as  septic  traumatic  fever.  It  sets  in  with  com- 
mencing putrefaction  on  the  second  day,  reaches  its  maximum 
on  the  third  or  fourth,  and  then  falls  as  the  wound  granulates.  It 
varies  much  in  severity,  the  temperature  being  commonly  102° 
to  104°  F. ;  and  no  line  can  be  drawn  between  it  and  septic  intoxi- 
cation^ the  amount  of  poison  absorbed  constituting,  apparently, 
the  only  difference.  Its  occurrence  does  not  prevent  the  causes 
of  aseptic  fever  also  from  acting. 

"With  regard  to  the  cause  of  septic  intoxication — many  of  the 
products  of  putrefaction  are  pyrogenous.  Bergmann  succeeded 
in  crystallizing  in  fine  needles  from  putrid  fluids  an  alkaloidal 
body  which  he  calls  sepsica,  which  possesses  in  a  high  degree 
the  property  of  exciting  fever. 

Pysemia. 

Pyaemia  differs  from  septicaemia  in  this  respect,  that  in  it  the 
absorption  and  dissemination  of  the  poison  give  rise  not  only 
to  a  general  disease,  but  also  cause  the  formation  of  secondary 
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foci  of  inflammation — so-called  metastatic  abscesses.  These  are 
the  distinctive  pathological  characteristics  of  the  disease.  Its 
clinical  symptoms  are  well  marked,  the  very  irregular  tempera- 
ture being  most  important;  but  it  is  confessedly  complicated 
vv^ith  more  or  less  septic  poisoning. 

Like  septic  infection,  the  disease  is  essentially  a  hospital  dis- 
ease, and  their  poisons  are  probably  similar;  some  indeed  be- 
lieve them  to  be  the  same.  The  source  of  infection  is  almost 
always  some  wound  or  inflammation,  generally  suppurating, 
the  discharges  not  being  aseptic.  But  there  may  be  no  wound, 
as  is  seen  in  acute  infective  periostitis,  infective  endocarditis, 
and  rare  cases  of  "  spontaneous  "  pysemia  in  which  no  primary 
lesion  can  be  found.  In  these  cases  the  poison  has  probably 
entered  through  some  healthy  mucous  membrane.  As  in  septi- 
caemia, it  gains  access  to,  and  is  distributed  by,  the  blood. 

Besides  the  secondary  abscesses,  the  following  signs  may  be 
found  post-mortem :  As  in  all  septic  disease,  rigor  mortis  is 
feeble  and  decomposition  early.  Emaciation  is  generally 
marked,  and  the  skin  yellow  or  jaundiced.  Petechise  may  be 
present.  The  wound,  if  there  is  one,  is  sloughy,  perhaps  sur- 
rounded by  diffuse  inflammation,  and  offensive;  any  bone  which 
has  been  divided  shows  the  appearances  of  septic  osteomyelitis. 
The  thrombi  in  the  veins  leading  from  the  focus  of  infection 
are  extensive,  and  undergoing  infective  puriform  softening;  the 
end  of  one  or  more  thrombi  perhaps  projects  into  a  large  vein 
in  which  circulation  was  going  on.  The  blood  is  generally 
normal  to  the  naked  eye,  but  microscopically  contains  excess  of 
leucocytes.  Hypostatic  congestion  of  the  lungs  is  generally 
present,  the  spleen  large  and  pulpy,  and  the  liver  and  kidneys 
show  "granular  degeneration." 

The  secondary  abscesses  are  of  two  kinds — those  which  follow 
upon  infarction,  and  those  in  which  there  is  no  evidence  of  such 
an  antecedent  change.  In  either  case,  the  occurrence  of  sup- 
puration implies  the  presence  of  a  strong  irritant  acting  for  some 
time,  and  it  has  been  already  pointed  out  (p.  263)  that  most  irri- 
tants of  this  kind  are  fungi.  It  is  probable  that  several  fungi 
are  capable  of  exciting  suppuration,  and  they  would  therefore, 
if  generalized  by  the  blood-stream,  produce  the  abscesses  of 
pysemia.     It  seems   possible,  therefore,  that  for  example  the 
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organism  which  produces  acute  necrosis  may  not  be  the  same 
as  that  of  ordinary  pyaemia  from  wounds. 

However  this  may  be,  in  the  first  kind  of  abscess,  infarction 
is  induced  by  the  lodgement  in  a  terminal  artery  of  a  portion  of 
infective  clot.  The  mode  of  formation  and  characters  of  the 
infarct  and  abscess  have  been  described  on  pp.  198  and  222.  The 
preparation  for  embolism  has  been  noted  above  in  the  account 
of  the  veins  leading  from  the  focus  of  infection.  These  embolic 
abscesses  are  by  far  most  frequent  in  the  lungs,  next  in  the  liver, 
spleen,  kidneys,  and  brain.  They  may  occur  in  any  vascular 
part.  They  lie  generally  upon  the  surface  of  organs,  with  their 
bases  immediately  beneath  the  capsule.  They  vary  in  size 
between  that  of  a  chestnut  and  that  of  a  split  pea,  are  usually 
multiple,  and  may  be  very  numerous.  They  are  surrounded  by 
the  usual  hypersemic  ring.  Often  more  than  one  organ  is  af- 
fected, and  these  abscesses  may  occur  wdth  others  of  the  next 
kind.  Sometimes  the  lungs  are  not  affected,  when  other  organs 
lying  beyond  them  on  the  blood-path  are. 

The  second  kind  of  abscesses  are  diffuse  suppurations  in  the 
subcutaneous  and  intermuscular  connective  tissue,  in  the  joints 
and  serous  membranes.  They  are  all  tolerably  common,  and 
may  occur  alone  or  combined  with  the  first  variety.  In  these 
cases  the  irritant  must  be  conveyed  to  the  spot  by  the  blood 
and  settle  there,  probably  because  the  nidus  is  suitable,  or  per- 
haps some  capillary  embolisms  are  the  cause. 

Pyaemia  has  never  been  produced  in  animals  by  the  injection 
of  blood  or  pus  of  pysemic  patients.  Cocci  and  zooglcea  masses 
are  found  in  abundance  on  the  surfaces  of  the  focus  of  infection, 
the  intensity  of  the  process  varying  with  their  number,  accord- 
ing to  Birch-Hirschfeld.  They  have  been  traced  into  the  sur- 
rounding tissues,  and  been  seen  piercing  the  wall  of  a  vein. 
They  have  been  found  in  the  nearest  lymph-glands,  in  all  meta- 
static abscesses,  and  in  many  organs.  They  lie  in  capillaries  or 
small  arteries  primarily,  but  soon  pass  out  into  the  surrounding 
tissues. 

Koch  injected  10  ^  of  putrid  fluid,  in  which  a  portion  of  skin 
had  macerated,  into  a  rabbit.  No  symptoms  followed  for  two 
days;  then  the  animal  ate  less,  became  weaker,  and  died  one 
hundred  and  five  hours  after  the  injection.  A  purulent  infiltra- 
tion occupying  the  abdominal  wall  far  around  the  point  of  in- 
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jection  was  found ;  the  inflammation  had  extended  to  the  peri- 
toneum, and  there  was  general  fibrinous  peritonitis.  The  spleen 
was  much  enlarged,  the  liver  had  a  grayish,  mottled  appearance, 
and  showed  on  section  gray,  wedge-shaped  patches.  In  the 
lungs  were  some  dark  red  patches,  about  as  large  as  a  pea,  and 
airless.  Animals  inoculated  with  the  blood  of  this  one  died  of 
precisely  the  same  disease.  The  smaller  the  dose  the  longer 
the  time  before  death.  This  is  explicable  only  on  the  supposi- 
tion that  the  infective  particles  in  the  blood  must  reach  a  certain 
number  in  proportion  to  the  body-weight  before  they  can  cause 
death.  Micrococci  were  found  everywhere,  especially  in  ob- 
viously altered  parts.  They  adhered  to  the  interior  of  vessels, 
often  plugging  them.  Eed  corpuscles  adhered  to  the  coccus 
colonies  which  seem  able  to  induce  coagulation;  small  thrombi 
are  thus  formed,  which  may  be  swept  away  as  emboli,  and 
would  prove  infective.  Perhaps  something  of  this  kind  may 
account  for  the  second  kind  of  abscess.  The  resemblance  of 
the  whole  disease  to  pyaemia  is  very  marked.  It  is  not  certain, 
however,  that  pysemia  in  man  is  always  infective. 


CHAPTER    XLYI. 

THE  VEGETABLE  PARASITES. 
By  Stanley  Boyd,  M.B.,  F.E.C.S. 

Parallel  between. Fermentation  and  Infective  Disease. — It 
has  long  been  thought  that  the  group  of  acute  specific  diseases 
must  have  a  very  special  cause.  The  characteristics  of  this  group 
are:  That  they  occur  epidemically;  that  they  are  obviously  con- 
tagious and  infectious;  that  each  member  is  absolutely  distinct 
from  its  fellows,  and  runs  a  very  typical  course;  and  that  the 
poison  which  gives  rise  to  each  of  them  multiplies  in  a  marvel- 
lous manner — a  single  case  of  one  of  these  introduced  into  a 
community  may  cause  the  death  even  of  millions.  JSTothing 
could  be  discovered  by  the  senses  to  account  for  the  appearance 
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of  these  diseases;  yet  they  Avere  obviously  produced  by  some- 
thing which  multiplied  in  the  sick,  which  clung  about  the  cloth- 
ing, etc.,  perhaps  for  long  periods,  and  which  could  be  carried 
through  the  air  for  considerable  distances.  This  "something" 
is  called  the  contagion  of  the  disease;  and  for  many  years  science 
has  been  endeavoring  to  discover  its  nature.  It  early  became 
obvious  that  no  gas  would  meet  the  requirements  of  the  case, 
for  diffusion  would  soon  put  an  end  to  its  power  for  mischief; 
a  fluid  was  not  to  be  thought  of;  so  contagion  was  necessarily 
regarded  as  a  solid  in  a  state  of  very  fine  division — particulate.  It 
has  been  shown  to  be  insoluble  in  fluids  in  which  it  can  live  by 
subsidence  (vaccine,  Chauveau),  and  by  filtration,  the  poison 
not  passing  through  the  filter.  These  facts,  taken  with  its 
power  of  multiplication,  seemed  to  show  that  the  contagiura 
was  some  living  organism;  hence  the  origin  of  the  contagium 
vivum  or  germ  theory  of  disease.  So  early  as  1840,  Henle  ex- 
pressed the  belief  that  living  organisms,  probably  of  a  vegetable 
nature,  were  the  causes  of  the  acute  specifics.  Two  years  earlier 
Bassi  and  Audouin  had  discovered  the  fungous  nature  of  the 
muscardine  disease  in  silkworms;  and  in  1836,  Schwann  and 
Cagniard  de  Latour  had  independently  discovered  that  yeast, 
the  apparent  cause  of  alcoholic  fermentation,  consisted  of  cells, 
multiplying  by  budding,  and  apparently  of  vegetable  nature. 
They  surmised  that  the  decomposition  of  the  sugar  into  alcohol, 
carbonic  acid,  etc.,  was  connected  with  the  growth  of  this  plant. 
Long  before  this  it  had  been  noticed  that  a  close  parallel 
might  be  drawn  between  an  infective  disease  and  a  fermenta- 
tion.    It  may  be  presented  thus : 

Infection         ....         Addition  of  ferment. 

-r       1    ^.  r  Period  during  which  nothing 

Incubation      .         .         .         .      S       .  •      -. 

i      18  noticed. 

Fever,  outbreak,  and  course  /  Rise  of  temperature,  and  ac- 

of  disease    .         .         .         .  \      five  fermentation. 

Decline  of  disease  .         .         .  Gradual  cessation. 

Period    of    protection     from  j  Addition  of  more  ferment  has 


same  disease       .         .         .      (.      no  effect. 

It  may  be  further  noted  that,  except  in  cases  in  which  yeast 
was  added  to  the  saccharine  liquid,  the  source  of  the  ferment  in 
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cases  of  alcoholic  fermentation  was  as  mysterious  as  was  the 
source  of  the  poison  which  gave  rise  to  an  epidemic  of  whoop- 
ino;-cous:h. 

Etiology  of  Fermentation. — The  above  parallel  was  generally 
recognized ;  and  the  cause  of  fermentation  being  much  more 
open  to  experiment  than  the  cause  of  infectious  disease,  was 
taken  up  by  many  workers.  Many  kinds  of  fermentation  were 
speedily  recognized — lactic,  butyric,  viscous,  etc. ;  and  the  close 
relation  of  putrefaction  to  these  processes  was  soon  acknowl- 
edged. In  each  one  of  these  organisms  were  found,  and  their 
relation  to  the  processes  has  been  the  moot  point  between  the 
upholders  of  the  vital  or  germ  theory  of  fermentation,  and  the 
supporters  of  the  physical  theory.  The  alcoholic  fermentation 
has  been  used  as  the  type  of  all. 

The  Germ  Theory,  started  by  Astier,  Schwann,  and  Cagniard 
de  Latour,  and  perfected  by  Pasteur,  is  adopted  by  the  great 
majority  of  scientific  men  at  the  present  day.  According  to  this 
view,  the  Saccharomyces  cerevisise  (yeast  plant)  is  the  cause  of 
the  alcoholic  fermentation.  Its  food  is  sugar,  together  with 
nitrogen  and  some  inorganic  materials,  which  must  also  be 
provided;  the  products  of  its  life-action  are  alcohol,  carbonic 
acid,  glycerine,  and  succcinic  acid.  It  is  supposed  that  the  food- 
stuffs pass  into  the  cells,  which  take  what  they  require  for  their 
own  growth  and  repair,  and  throw  back  into  the  fluid  the  pro- 
ducts of  their  action.  Thus  a  yeast-cell  forms  the  above-men- 
tioned substances,  just  as  a  hepatic  cell  forms  the  constituents 
of  bile.  There  is  no  reason  whatever  for  classing  the  fermenta- 
tions as  distinct  from  the  chemical  changes  effected  by  cells  in 
general.  The  division  was  made  before  their  nature  was  un- 
derstood, when  the  insignificance  of  the  cause  and  the  greatness 
of  the  result  were  the  striking  features,  and  when  the  causal 
relationship  between  the  growth  of  living  organisms  (or  the 
presence  of  a  substance  derived  from  them — unformed  ferment) 
and  the  chemical  changes  had  not  been  proved. 

The  Physical  Theory,  started  by  Willis  in  1659,  and  perfected 
by  Liebig,  affirms  that  fermentation  is  a  "  molecular  motion  " 
transmitted  to  unstable  organic  compounds  (fermentable  sub- 
stance) by  albuminoid  particles  (ferment)  which  are  themselves 
the  seat  of  "  motor  decay"  (z.  e.,  are  undergoing  decomposition). 
The  molecular  motion  of  these  particles  may  initiate  in  a  large 
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amount  of  a  more  stable  substance  cbanges  similar  to  tbose  of 
which  they  are  themselves  the  seat.  Any  portion  of  the  sub- 
stance to  which  this  molecular  motion  has  been  communicated 
is  capable  of  transmitting  it  to  other  suitable  material,  and  thus 
the  ferment  seems  to  multiply.  The  ferment  communicates  its 
vibrations  to  the  particles  with  which  it  comes  into  contact,  and 
these  again  to  particles  next  beyond,  more  slowly  but  in  the 
same  way  as  a  spark  causes  the  decomposition  of  a  train  of 
gunpowder.  Bastian  says  that  there  is  no  proof  of  multipli- 
cation other  than  occurs  in  a  sufficiently  strong  solution  of 
sulphate  of  sodium  when  a  crystal  of  the  same  salt  is  thrown 
in.  Gerhardt  thus  illustrates  Liebig's  views  :  Every  substance 
which  decomposes  or  enters  into  combination  is  in  a  state  of 
movement  (molecular).  Various  forms  of  mechanical  agitation 
provoke  this  movement  [e.  g.^  decomposition  of  chlorous  acid, 
chloride  of  nitrogen,  fulminating  silver) ;  therefore  chemical 
decomposition,  in  which  the  agitation  is  more  complete,  should 
produce  such  effects  more  strongly.  It  is  known  that  platinum 
remains  stable  in  nitric  acid,  but  if  silver  also  (which  dissolves 
in  nitric  acid)  is  present  the  platinum  is  dissolved ;  again,  pure 
copper  is  not  dissolved  by  sulphuric  acid  unless  zinc  is  present. 
A  solution  of  dextrine  is  not  acted  on  by  yeast  alone,  but  when 
sugar  is  added  to  the  fluid  a  great  part  of  the  dextrine  shares 
the  fate  of  the  sugar,  the  motion  of  the  atoms  of  sugar  having 
been  transmitted  to  those  of  the  dextrine.  By  analogy,  Liebig 
supposes  that  sugar  does  not  change  when  quite  alone,  but 
decomposes — i.  e.,  ferments,  when  in  contact  with  a  nitrogenous 
body  (ferment)  undergoing  change.  This  view  originated  long 
before  the  constant  presence  of  specilic  forms  of  organisms  in 
every  fermenting  substance  was  demonstrated.  Before  Liebig 
died,  however,  Pasteur  had  gone  a  great  way  toward  this;  and 
in  his  last  paper ^  on  the  subject  Liebig — though  still  fighting 
against  the  germ  theory — states  that  it  is  not  oi3posed  to  the 
molecular  motion  theory  which  he  advocated ;  the  decom- 
position would  still  be  due  to  molecular  motion  transmitted  to 
the  fermenting  substance  by  living  protoplasm  instead  of 
decaying  albuminoid  material.  As  nothing  is  known  of  the 
force  by  which  living  cells  effect  chemical  changes,  it  is  impos- 

'  Ann.  (1.  Chemie  u.  Pharm.,  vd.  cliii.  p.  1,  1870. 
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sible  to  confirm  or  to  deny  this  statement.  (Quoted  from 
"Beginnings  of  Life,'*  Bastian.) 

It  is  very  difficult  absolutely  to  disprove  the  physical  theory. 
Its  supporters  admit  the  frequent  presence  of  organisms  in  fer- 
menting fluids,  but  regard  them  as  accidents,  or  as  spontaneously 
generated  (Bastian),  for  the  same  decompositions  can  be  effected 
in  their  absence.  Thus  dilute  alcohol,  run  over  wood-shavings 
or  charcoal  so  as  to  expose  a  large  surface  to  air,  is  converted 
into  vinegar.  But  this  is  no  evidence  against  the  ability  of  the 
Mycoderma  aceti  also  to  effect  the  oxidation  as  a  vital  act ;  and, 
indeed,  distinct  differences  exist  between  the  two  processes 
(Schlitzenberger,  page  237). 

The  difference  in  form  and  mode  of  growth  of  the  organisms 
characteristic  of  the  different  fermentations  is  accounted  for  by 
supposing  that  the  conditions  in  each  favor  the  growth  of  a 
certain  organism,  or  the  origin  de  novo  of  a  certain  fungus 
(Bastian).  The  organisms  formed  in  any  fluid  may  be  culti- 
vated again  and  again  in  artificial  fluids  and  thoroughly  washed 
with  distilled  water;  the  reaction  characteristic  of  the  fermen- 
tation whence  it  was  taken  will  still  occur  if  the  organism  be 
now  inoculated  upon  a  suitable  fluid.  It  would  seem  then, 
upon  the  physical  theory,  that  the  "  particles  in  a  state  of  motor 
decay  "  adhere  very  closely  to  the  organism  which  is  constantly 
present,  and  are  able  to  impart  their  molecular  motion  to  such 
substances  only  as  this  organism  will  grow  in.  For  if  the 
organism  dies  no  fermentation  occurs. 

The  particles  in  a  state  of  motor  decay  have  never  been  de- 
monstrated in  such  a  manner  as  to  avoid  the  suspicion  that 
organisms  were  also  present.  So-called  "  antiseptics,"  which 
are  selected  on  account  of  their  ability  to  destroy  the  lower 
organisms,  invariably  check  the  molecular  motions  of  the 
physical  ferments;  so  also  does  heat  sufficient  to  destroy  organ- 
isms. In  fact,  the  properties  of  the  physical  ferments  are  those 
of  organisms. 

Finally,  it  has  been  shown  of  several  fermentations  that  the 
thinnest  membrane,  the  shortest  column  of  fluid,  is  sufficient  to 
prevent  the  transmission  of  these  supposed  vibrations;  that 
direct  contact  with  the  ferment  is  necessary;  and  that  sonorous 
vibrations  have  no  influence  upon  fermentable  substances 
(Dumas).     If  a  solution  of  sugar  in  a  test-tube  is  divided  into 
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two  parts  by  a  plug  of  cotton-wool  and  yeast  is  introduced  into 
the  upper,  this  only  ferments,  though  fluid  continuity  is  uninter- 
rupted/ 

We  must  therefore  conclude  that  although  the  physical  theory 
may  be  theoretically  possible,  the  evidence  goes  to  show  that 
the  vital  theory  is  practically  true;  and  that  all  the  processes  gen- 
erally known  as  fermentations  and  putrefacAion  are  due  to  the  action  of 
vegetable  organisms. 

How  do  these  organisms  act  ?  The  four  following  views  are 
held : 

1.  Like  all  living  cells  they  require  certain  materials  for  the 
repair  of  their  substance  and  for  growth.  They  take  into  their 
substance  the  organic  and  inorganic  compounds  which  are 
necessarily  present  in  any  liquid  in  which  they  will  grow,  and 
they  throw  back  into  the  fluid  the  products  of  their  action  upon 
these  compounds. 

2.  Pasteur  has  stated  that  fermentation  in  general  is  a  con- 
sequence of  the  life  of  ferments  without  oxygen.  They  require 
oxygen  so  much,  that  they  take  it  from  the  organic  substances, 
and  thus  split  them  up.  But,  holding  this  view,  it  is  not  clear 
how  Pasteur  can  at  the  same  time  say  that  oxygen  is  harmful  to 
the  butyric  ferment. 

3.  Certain,  and  perhaps  all  of  them  produce  unformed  fer- 
ments— so  called  in  opposition  to  the  cells  themselves,  which 
are  the  "formed"  or  "organized"  ferments.  The  chief  charac- 
teristics of  these  bodies  are :  that  they  seem,  to  act  by  mere  con- 
tact ("catalytically"),  not  taking  any  part  in  the  decompositions 
to  which  they  give  rise;  that  they  act  in  extremely  small  quan- 
tity; do  not  multiply,  but,  nevertheless,  transform  many  times 
their  weight  of  the  fermentable  substance;  that  they  are  soluble, 
and  are  always  derived  from  living  cells;  that,  like  cells,  they 
act  best  at  a  certain  temperature,  their  action  being  arrested  at 
a  low  or  high  temperature.  They  have  not  been  isolated  in 
sufficient  quantity  for  accurate  analysis.  Ptyalin,  pepsin,  trypsin 
are  well-known  examples  from  the  human  body;  emulsin  (bitter 
almond)  and  diastase  (barley)  from  the  vegetable  kingdom.  It 
is  certain  that  some  bacteria  {e.  g.,  putrefactive)  form  amylolytic 
and  peptic  ferments,  which  can  be  separated  from,  and  will  act 

1  Hoffmann,  Ann.  d.  Cheni.  u.  Pharm.,  ex  v.  p.  228. 
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in  the  absence  of,  the  organisms.  Museulus  has  separated  from 
Micrococcus  uvese  a  body  capable  of  changing  urea  into  am- 
mouic  carbonate.  Yeast,  by  an  unformed  ferment,  transforms 
cane-sugar  into  glucose  and  Isevulose,  before  converting  it  into 
alcohol,  etc. ;  but  this  latter  change  has  never  been  efi'ected  in 
the  absence  of  living  cells.  Whether  acting  upon  hydrocarbons 
or  albuminoids,  it  is  believed  that  these  ferments  generally  cause 
simple  taking  up  of  v^ater  and  splitting  of  the  compound.  It 
has  been  suggested  that  their  action  is  that  of  a  carrier,  like 
haemoglobin,  or  like  the  sulphuric  acid  in  the  manufacture  of 
ether  from  alcohol. 

4.  ISTageli  has  adopted  Liebig's  view^  to  a  certain  extent — 
the  life  and  growth  of  cells  is  necessary  to  fermentation,  the 
chemical  changes  being  always  due  to  the  transmission  of  the 
molecular  motions  of  living  protoplasm  to  the  unstable  com- 
pounds around  it. 

Products  of  Fermentation. — It  is  impossible  to  say  much  in  a 
general  way  of  the  products  of  fermentative  processes,  for  they 
are  as  various  as  are  the  processes  themselves  and  the  organisms 
which  are  believed  to  give  rise  to  them.  They  are  formed  by 
processes  of  oxidation  and  deoxidation,  of  hydration,  and  of 
simple  splitting  up.  The  same  food  will,  under  the  action  of 
different  organisms,  be  converted  into  very  different  substances. 
Thus,  sugar  undergoes  vinous,  lactic,  and  butyric,  mucous  and 
mannitic  fermentations.  Other  products  than  those  from  which 
the  process  takes  its  name  are  always  formed.  Gases  are  some- 
times evolved,  sometimes  not.  In  many  processes  bodies  are 
formed  which  hinder  the  development  of  the  organisms  which 
produce  them;  thus,  the  alcoholic  fermentation  is  checked  by 
accumulation  of  alcohol,  and  putrefaction  by  the  development 
of  bodies  like  carbolic  acid  and  cressol. 


If  the  analogy,  pointed  out  on  page  418,  between  infective 
diseases  and  fermentation  were  certainly  true,  we  might  at  once 
infer  that  the  former  are  caused  by  the  growth  and  life-action 
of  vegetable  organisms  in  the  tissues  of  the  body.  But  no  one 
could  accept  the  conclusion  on  the  evidence  of  so  superficial  a 
resemblance.     The  same  stringent  proofs  must  be  afforded  in 
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the  case  of  each  disease  as  were  demanded  in  the  case  of  each 
fermentation.  How  far  these  proofs  are  forthcoming  will  be 
shown  in  the  concluding  part  of  the  present  chapter.  Many 
low  forms  of  vegetable  life  have  been  found  in  connection  with 
diseases  in  man;  and  we  shall  now  state  what  is  known  of  their 
botanical  position  and  life-history. 

Natural   History   of   the   Vegetable    Parasites. 

The  vegetable  organisms  which  have  been  found  connected 
with  the  diseases  of  man,  are  all  ThaUophytes,  or  plants  in  which 
no  distinction  between  stem  and  leaf  exists;  and,  as  they  are  all 
destitute  of  chlorophyll,  they  belong  to  the  class  of  Fungi — not 
Alg£e.  The  pathological  fungi  are  of  three  kinds — Bacteria  or 
Sehizo-mycetes,  Yeasts  or  Blasto-mycetes,  and  Moulds  or  Hypho- 
mycetes.  The  bacteria,  besides  causing  putrefaction  and  several 
of  the  "fermentations,"  include  almost  all  the  organisms  which 
are  believed  to  produce  the  infective  diseases.  They  are,  there- 
fore, by  far  the  most  important  group. 

The  Schizo-mycetes  are  achlorophyllous,  unicellular  organisms, 
many  of  which  approach  the  limits  of  microscopic  visibility, 
whilst  all  are  very  small.  They  refract  light  strongly,  and  cause 
turbidity  of  any  culture-fluid  in  which  they  may  be.  They  con- 
sist of  a  peculiar  form  of  protoplasm,  mycoprotein  (v.  ]N"encki), 
and  appear  structureless;  but  it  is  very  probable,  from  their 
great  resistance  to  alkalies  and  dilute  acids,  that  they  possess  a 
cell-membrane  of  a  substance  allied  to  cellulose.  In  form  they 
vary  much,  being  round,  oval,  dumbbell-shaped,  rod-shaped — 
straight,  wavy,  or  corkscrew-like.  They  are  never  branched. 
They  multiply  by  transverse  division,  which  occurs  in  the  rod- 
forms  at  right  angles  only  to  the  long  axis,  but  which,  in  the 
round,  may  take  place  in  two  directions  at  right  angles  to  each 
other  (Sarcina).  In  a  certain  number  of  bacilli  spore-formation, 
alternating  with  fission,,  has  been  observed,  sometimes  preceded 
by  growth  of  the  rods  into  long  filaments  (leptothrix),  sometimes 
not.  The  new  cells  formed  by  fission  may  at  once  separate 
from  the  parent;  or  they  may  remain  united  to  each  other  end 
to  end,  forming  chains,  or  lying  side  by  side  in  more  or  less 
spherical  colonies,  bound  together  by  a  viscid  intercellular  sub- 
stance— zobglcea — formed  of  swollen  cell-membrane  (Cohn)  or  of 
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mycoprotein  (v.  ISTencld).  The  time  occupied  in  division  has 
been  variously  given  at  from  ten  to  thirty  minutes;  and,  as  the 
offspring  proceed  at  once  to  divide  like  their  parents,  a  single 
bacterium  may,  in  twenty-four  hours,  give  rise  to  a  progeny 
which  Cohn  estimates  at  over  sixteen  millions. 

Single  round  cells  have  no  movement  other  than  Brownian ; 
but  chains  and  colonies  of  them  do  seem  capable  of  locomotion 
(Ogston).  The  rod-forms  have  often  a  mobile  and  a  motionless 
stage ;  but  some  never  move — e.  g.,  B.  anthracis.  In  some  cases 
one  or  two  cilia  have  been  found ;  in  others  the  mode  in  which 
motion  is  produced  is  unknown.  Often  no  reason  can  be 
assigned  for  a  change  from  motion  to  rest,  or  vice  versa.  A  good 
supply  of  oxygen  seems  to  be  connected  with  active  motion  of 
some  forms. 

Conditions  of  Life. — JFood.  Each  variety  of  fungus  seems  to 
differ  more  or  less  from  all  others  in  its  food-requirements ;  but 
all  must  be  supplied  with  the  materials  from  which  they  can 
obtain  the  elements  of  which  they  consist.  These  are  carbon, 
hydrogen,  nitrogen,  phosphorus,  sulphur,  calcium,  magnesium, 
and  potassium.  The  first  four  are  generally  provided  by  carbo- 
hydrates and  albuminoids;  the  rest  by  inorganic  salts  present 
in  animal  and  vegetable  tissues.  Certain  bacteria,  however, 
can  assimilate  nitrogen  and  carbon  from  much  less  complex 
compounds  than  albumen  and  carbohydrates,  as  is  shown  by  the 
growth  of  putrefactive  organisms  in  Cohn's  fluid  (phosphate  of 
potash,  0.5;  sulphate  of  magnesia,  1;  phosphate  of  lime,  0.05; 
tartrate  of  ammonia,  1;  water,  100);  to  others,  the  more  com- 
plex bodies  are  essential.  Thus  beer-yeast  will  not  grow  unless 
glucose  or  some  body  convertible  into  it  is  present;  the  Bacillus 
tuberculosis  grows  best  in  blood-serum.  It  is  probable  that  a 
fluid  could  be  discovered  for  each  fungus  and  placed  under  such 
conditions  that  it  alone  would  grow  in  it.  Raulin  has  worked 
out  the  composition  of  such  a  fluid  for  a  mould  (Aspergillus 
niger),  and  has  proved  the  value  of  each  constituent,  no  matter 
how  small  in  quantity,  by  a  diminution  in  weight  of  the  dried 
plant  yielded  by  a  certain  quantity  of  the  fluid.^  Whereas,  in 
Nature,  it  is  frequently  stifled  by.  other  organisms  more  suited 
than  itself  to  the  existing  conditions,  it  here  gets  the  upper  hand 

1  Duclaux,  Ferments  et  Maladies,  p.  43. 
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of  all..  Very  slight  differences  in  the  composition  of  the  food- 
material  may  favor  the  growth  of  one  organism  rather  than 
another.  Niigeli  says  that  in  a  neutral  fluid  containing  sugar, 
in  which  were  moulds,  yeasts,  and  bacteria,  only  the  latter 
flourished — causing  lactic  fermentation;  the  addition  of  half  per 
cent,  tartaric  acid  brought  the  yeasts  to  the  fore,  with  production 
of  alcohol;  and  the  addition  of  four  to  five  per  cent,  tartaric 
acid  caused  the  moulds  to  develop.  The  reaction  of  the  fluid 
has  a  marked  influence  in  this  respect;  as  a  rule,  acidity  is  un- 
favorable to  the  development  of  fungi,  alkalinity  favorable.  As 
showing  what  a  very  slight  difference  may  suffice  to  prevent  the 
growth  of  a  bacterium,  it  will  be  remembered  that  Koch  was 
unable  to  inoculate  a  field-mouse  with  an  organism  which 
alw^ays  produced  fatal  septicaemia  in  a  house-mouse  (p.  412). 
Some  similar  difference  would  seem  to  exist  between  two  men 
exposed  to  the  poison  of  an  acute  specific,  one  of  whom  catches 
it,  whilst  the  other  does  not.  We  must  therefore  bear  in  mind 
that  a  very  slight,  to  us  imperceptible,  change  in  the  metabolism 
of  the  body  or  of  a  part,  may  enable  organisms  to  flourish  there, 
though  previously  unable  to  do  so. 

Water.  The  presence  of  some  water  is  essential  to  the  de- 
velopment of  all  fungi — the  moulds  requiring  less  than  the 
yeasts  and  bacteria.  It  is  easy  to  add  too  much  or  too  little  for 
a  given  species. 

Oxygen.  Pasteur  has  divided  fungi  into  aerobious  and  anaero- 
bious,  according  as  they  require  or  do  not  require  free  oxygen  as 
a  life-condition.  Certain  fungi,  as  Aspergillus  niger,  B.  an- 
thracis,  die  in  the  absence  of  free  oxygen.  Others  are  able  to 
live  both  with  and  without  it — at  least  for  a  considerable  time — 
as  Mucor  racemosus  (a  mould),  ordinary  yeast,  and  Bacterium 
termo.  Finally,  the  life-history  of  a  few  seems  to  be  completely 
anaerobious;  to  Clostridium  butyricum  (butyric  acid  ferment) 
and  Bacillus  septicsemiEe  of  rabbits,  air  is  said  by  Pasteur  to  be 
not  only  unnecessary,  but  even  fatal. 

Temperature.  Each  organism  flourishes  best  at  a  particular 
temperature.  All  will  grow  less  actively  at  temperatures  above 
and  below  this  point;  but  the  range  within  which  growth  will 
take  place  may  be  very  limited,  as  in  B.  tuberculosis.  The 
general  statement  may  be  made,  with  regard  to  bacteria,  that 
reproduction  ceases  in  all  these  organisms  at  5°  C,  and  in  many 
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at  a  much  higher  point;  but  they  do  not  necessarily  die. 
Though  rendered  rigid  and  motionless  [rigor  frigoris),  some  are 
said  not  to  be  killed  by  the  greatest  cold;  the  spore-bearing  B. 
anthracis  has  been  exposed  to  — 140°  C.  without  injury.  By 
rise  of  temperature,  7igor  caloris  and  death  are  induced;  more 
easily  in  moist  than  in  dry  conditions,  and  much  more  easily  in 
the  adult  than  in  the  spore  form.  Cocci  and  bacteria  appear  to 
be  first  affected  by  rise  of  temperature,  then  bacilli,  and  finally 
spores.  Boiling,  and  indeed  a  much  lower  temperature  than 
100°  C,  will  kill  many  fungi;  boiling,  continued  for  one  or  two 
hours,  will  certainly  destroy  all  non-spore-bearing  organisms; 
but  solutions  containing  spores  will  not  be  sterilized  by  100°  C. 
unless  it  is  continued  many  hours.  Thus  Tyndall  failed  to 
sterilize  a  hay-infusion  by  eight  hours'  boiling.  This  prolonged 
resistance  of  spore-containing  fluids  to  boiling  is  explained  by 
supposing  that  fresh  generations  of  adult  organisms  are  de- 
veloped after  the  boiling  is  over  from  spores  able  to  resist  100° 
C.  for  a  long  time — a  view  supported  by  the  fact  that  such  fluids 
are  sterilized  by  boiling  for  a  few  minutes  only  at  intervals 
of  several  hours  or  a  day.  For  certain  sterilization,  solutions 
should  be  raised  to  115°  C,  in  a  chloride  of  calcium  bath  for  at 
least  half  an  hour. 

It  is  found  that  dry  spores  of  B.  anthracis  are  not  destroyed 
by  less  than  three  hours'  exposure  to  140°  C.  Simple  drying 
kills  some  bacteria,  as  B.  anthracis,  the  spores  of  which  may  be 
kept  in  a  dry  state  for  years. 

Best.  Fungi  flourish  better  in  a  still  medium  than  in  one  of 
which  the  particles  are  moving  constantly;  whilst  B.  anthracis 
divides  actively  in  the  blood-stream,  other  kinds  (Micrococcus 
septicus)  seem  always  to  settle  before  multiplying. 

These  are  the  essentials  to  the  growth  of  the  plants  which  we 
are  considering;  but  absence  of  growth  does  not  necessarily 
mean  death  of  the  organism.  If  the  conditions  are  unfavorable, 
the  cells  will  not  develop;  but  they  may  not  die.  By  making  a 
sufficient  change  in  any  one  of  the  above  conditions,  the  develop- 
ment, and  consequently  the  action,  of  any  given  organism  may 
be  prevented.  Use  is  constantly  made  of  this  fact  to  preserve 
substances  which  would  otherwise  ferment,  and  to  destroy 
germs  which  have  already  gained  entrance  to  them. 
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Antiseptics  and  Modes  of  Disinfecting,  etc. — Supposing 
that  a  suitable  nidus  for  the  development  of  fungi  is  provided, 
their  growth  may  be  prevented  by  adding  to  the  fluid  in  suffi- 
cient quantity  any  one  of  a  long  series  of  bodies  known  collec- 
tively as  "antiseptics,"  because,  being  strongly  antagonistic  to 
cell-life,  they  prevent  the  development  and  consequent  action  of 
putrefactive  bacteria;  in  other  words,  they  keep  things  "  sweet." 
The  group  includes  vegetable  and  mineral  astringents,  resins, 
essential  oils,  many  products  of  tar,  chloroform,  chloride  of 
sodium,  boracic  and  salicylic  acids,  etc.  They  vary  greatly  in 
power,  however,  and  because  one  of  them  is  very  deadly  to  a 
certain  organism  it  by  no  means  follows  that  it  will  be  so  to 
another.  It  is  always  found  that  a  smaller  percentage  of  an  anti- 
septic will  prevent  the  development  of  organisms  than  will  check 
their  development  once  it  has  commenced.  The  strength  of  the 
most  dilute  solution  of  an  antiseptic  which  wnll  prevent  putre- 
faction is  spoken  of  as  its  "efficient  strength."  It  is  very  im- 
portant to  know  this,  for  all  antiseptics  irritate  and  destroy 
animal,  as  well  as  vegetable,  cells,  and  most  of  them  are  actively 
poisonous.  The  problem,  therefore,  is  to  discover  for  use  in 
medicine  those  bodies  the  action  of  w^hich  is  certainly  fatal  to  the 
parasites  it  is  desired  to  kill,  and  v^hich,  at  the  same  time,  do 
the  least  possible  injury  to  the  human  organism.  The  efficient 
strength  of  an  antiseptic  is  found  by  adding  it  to  putrescible 
fluids,  and  noting  the  quantity  that  must  be  present  to  prevent 
putrefaction.  For  special  organisms,  such  as  B.  anthracis,  spe- 
cial observations  must  be  made  upon  fluids  containing  them. 
Buchholtz^  gives  the  following  as  the  efficient  strength  of  the 
most  commonly  employed  antiseptics : 


Mercuric  Chloride 
Thymol  . 
Benzoate  of  Soda 
Creasote  . 
Benzoic  Acid 
Salicylic  Acid 
Eucalyptol 


TtyVo 
TffVcr 


ri? 


Salicylate  of  Soda      .         .         .  ^-^^ 

Carbolic  Acid     ....  ^-J^ 

Quinine ^^ 

Cupric  Sulphate          .         .         .  j^s 

Boracic  Acid      ....  y^^- 

Zinc  Sulphate    •        •         •         •  -jV 

Alcohol T-K 


The  best  antiseptics  for  use  in  the  form  of  gases,  are  iodine  and 
chlorine;  sulphurous  acid  is  very  uncertain.  All  are  most 
active  in  watery  solutions. 

'  Antiseptica  u.  Bakterien.     Arch.  f.  Exp.  Path.,  vol.  iv.  p.  1,  1875. 
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Reference  may  here  be  made  to  Haiilin's  and  Niigeli's  experi- 
ments, given  at  pp.  425,  426,  as  showing  that  among  fungi,  as  else- 
where in  the  living  world,  the  struggle  for  existence  is  going  on. 
Two  kinds  do  not  grow  equally  well  in  the  same  liquid;  one  is 
better  adapted,  or  possesses  greater  power  of  adaptation,  to  the 
surrounding  conditions  than  the  other,  and  will,  slowly  perhaps, 
but  surely  outlive  it.  The  elimination  of  one  or  other  species 
may  be  greatly  hastened  by  experimental  variation  of  the  condi- 
tions so  as  to  favor  markedly  one  or  the  other  organism.  This 
antagonism  exists  not  only  between  fungus  and  fungus,  but 
probably  also  between  invading  fungi  and  the  cells  of  the  animal 
body — suggesting  an  explanation  of  the  way  in  which  the  cloud 
of  healthy  leucocytes  at  the  margin  of  a  spreading  infective  in- 
flammation ultimately  checks  its  advance. 

Removal  of  Water.  Drying  is  a  common  method  of  preserving 
things.  Healing  under  a  scab  and  the  dressings  (cotton-wool, 
etc.)  which  imitate  this  are  examples  of  its  use  in  surgery.  Dry- 
ing kills  some  fungi,  but  it  only  checks  the  development  of 
others,  especially  spores.  Sugar  is  not  an  antiseptic,  but  acts 
by  abstracting  water  when  it  is  used  in  the  treatment  of  wounds, 
in  the  preservation  of  fruit,  etc.  If  enough  is  not  added  to  jam, 
moulds  grow  in  it;  and  if  still  less,  the  preserve  ferments. 

Elevation  of  Temperature.  Heat  is  the  most  commonly  em- 
ployed and  the  best  agent  we  have  for  disinfecting  clothing, 
bedding,  and  indeed  all  articles  to  which  it  can  be  applied.  If 
dry  heat  is  used  the  temperature  should  be  at  least  150°  C,  and 
kept  up  for  three  or  four  hours,  until  it  is  certain  that  all  parts 
have  reached  the  required  temperature.  Koch  recommends  a 
jet  of  steam  superheated  to  105°  C.  as  being  much  superior  to 
a  hot  chamber  on  account  of  its  penetrating  power.  It  should 
play  upon  an  article  for  fifteen  minutes.  If  boiling  is  used,  it 
should  be  prolonged. 

Depression,  of  Temperature.  Cold  is  often  used  to  preserve 
articles  of  diet.  Ice-poultices  are  used  in  surgery  as  dressings, 
especially  after  operations  on  the  peritoneum  and  joints.  Per- 
haps they  act,  in  part  at  least,  by  preventing  the  development  of 
organisms.     Many  are  not  killed  by  cold. 

The  most  surprising  differences  in  resisting  power  are  found 
between  the  spore  and  adult  forms  of  the  same  organism.  The 
spores   of   B.    anthracis    are    injured   by   watery   solutions   of 
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thymol  or  salicylic  acid,  by  alcohol  or  glycerine;  they  are  de- 
stroyed by  chlorine-  or  bromine-water  (2  per  cent.),  perchloride 
of  mercury  (1  per  cent.),  permanganate  of  potash  (5  per  cent), 
or,  in  twenty-four  hours,  by  carbolic  acid  (5  per  cent.).  They, 
are  not  destroyed  by  drying;  they  withstand  dry  heat  of  140°  C. 
for  three  hours,  and  are  not  affected  by  the  most  extreme  cold. 

Distribution  of  Bacteria  in  IN'ature. — Where  are  these 
microscopic  vegetable  organisms  to  be  found  ?  A  putrid  wound 
swarms  with  them.  Whence  do  they  come?  1.  They  may 
enter  from. the  world  external  to  the  body.  2.  They  may  exist 
in  the  healthy  body,  developing  only  under  special  circum- 
stances. 3.  They  may  be  spontaneously  generated  under 
special  circumstances  from  the  elements  of  the  tissues. 

1.  Earth,  air,  or  water  may  be  the  habitat  of  germs  external 
to  the  body. 

(a)  Existence  of  Organisms  in  Earth.  Portions  of  mould  taken 
from  the  surface,  and  dropped  into  a  sterilized  culture-fluid 
infallibly  infect  it.  Cocci  and  bacilli  are  the  forms  which  gen- 
erally develop.  They  are  most  numerous,  and  bacteria  appear 
in  the  neighborhood  of  putrefaction.  All  organisms  are  absent 
at  a  depth  of  one  metre  in  soil  which  has  not  been  recently  dis- 
turbed, which  is  not  formed  largely  of  decomposing  material, 
and  into  which  no  unusual  soakage  of  water  occurs. 

I^Tot  only  the  earth,  but  all  other  solids  in  contact  with  air, 
including  the  surfaces  of  animals,  have  organisms  deposited 
upon  them. 

(6)  Existence  of  Organisms  in  Air.  That  dust  contains  much 
organic  matter  is  easily  shown  by  combustion ;  and  cultivation 
proves  that  some  of  this  is  living.  It  has  thus  been  found  that 
spores  of  moulds  are  the  commonest  forms,  then  bacilli  and 
their  spores,  whilst  putrefactive  organisms  are  much  less  com- 
mon. Lister  notes  that  the  result  of  exposing  pure  urine  for 
half  an  hour  in  his  study  in  Edinburgh  was  the  development  of 
three  moulds.  Organisms  of  some  kind  exist  in  the  air  every- 
where except  away  from  all  life — in  mountains  above  the  line  of 
perpetual  snow,  or  on  the  ocean  far  removed  from  land  and 
ships.  Here  a  sterilized  fluid  would  not  ferment  if  left  exposed 
till  it  dried.  But  with  life,  vegetable  or  animal,  come  germs; 
and  they  increase  in  number  as  the  population  increases  and  as 
putrescible  material  becomes  more  plentifnl.     In  some  parts  of 
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London  even  it  is  possible  to  pour  sterilized  fluids  from  one 
flask  into  others  with  the  result  that  but  a  small  percentage  will 
become  turbid  from  the  growth  of  germs ;  in  other  parts  every 
flask  will  be  infected.  Precautions  against  such  infection  be- 
come necessary  as  density  of  population  and  imperfect  ventila- 
tion increase ;  and  it  is  obvious  that  in  the  hospitals  of  large 
towns  such  measures,  to  be  successful,  must  be  most  stringent, 
for  here  putrefactive  organisms  will  be  comparatively  numerous. 
A  large  number  of  the  germs  in  air  are  incapable  of  develop- 
ment (Duclaux).  We  know  that  some  fungi  (B.  anthracis)  are 
killed  by  drying. 

The  air  is  kept  supplied  with  organisms  by  currents  which 
sweep  them  from  the  surfaces  of  objects  over  which  they  pass; 
the  dust  left  as  the  final  result  of  putrefactive  processes  is  a  fer- 
tile source  of  contamination.  Perfectly  still  air  becomes  pure 
by  subsidence  of  its  germs. 

(c)  Existence  of  Organisms  in  Water  All  water,  except  such 
as  comes  from  a  great  depth,  contains  organisms.  Rain-water 
sweeps  the  air  and  infects  the  soil  with  the  germs  which  it 
carries  down.  All  surface-water  is  infected  from  the  ground 
through  which  it  soaks;  and  too  often  shallow  wells  are  con- 
taminated by  sewage,  etc.  River-water  is  exposed  to  all  possible 
sources  of  pollution.  It  is  scarcely  necessary  to  add  that  unless 
the  water  contains  sufficient  organic  matter  to  serve  as  food  for 
the  fungi,  no  multiplication  will  take  place,  and  that,  sooner  or 
later,  the  germs  will  die,  though  perhaps  not  for  many  weeks. 
Many  organisms  in  a  sample  of  water  render  much  organic 
impurity  probable. 

The  addition  of  a  drop  of  tap-water  to  a  culture-fluid  is  almost 
always  followed  by  the  development  of  bacteria  and  ordinary 
putrefaction.  "Water  may,  therefore,  be  regarded  as  the  special 
habitat  for  bacteria^  and  should  not  in  an  unpurified  state  be 
allowed  to  come  into  contact  with  wounds. 

2.  Do  Organisms  Exist  in  the  Living  Body  ?  They  exist  in 
large  numbers  on  its  external  (skin)  and  internal  (bronchial  and 
alimentary)  surfaces,  which  are  in  contact  with  air.  Inhaled 
with  each  breath,  they  are  found  in  the  larger  bronchi;  but  the 
smaller  ones  and  alveoli  are  probably  free,  for  Tyndall  has 
shown  that  the  complemental  air  is  pure  by  its  causing  a  non- 
luminous  gap  in  an  electric  beam  thrown  across  a  dark  room. 
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Further  proof  lies  in  the  fact  that  medical  empyemata  com- 
municating with  the  lung  generally  remain  free  from  putrefac- 
tion, whilst  those  from  external  wound  of  the  pleura  always 
putrefy. 

With  food  and  drink  many  living  germs  are  carried  into  the 
alimentary  canal.  All  kinds  of  fungi  swarm  in  the  mouth — 
cocci,  bacteria,  bacilli,  and  spirilla.  They  grow  fewer  toward 
the  stomach,  where  the  acid  gastric  juice  is  unfavorable  to  their 
development.  Protected  by  their  cell-membranes,  some  prob- 
ably pass  alive  through  the  stomach.  At  all  events,  organisms 
reappear  in  tlie  duodenum  before  the  food  has  become  alkaline; 
and  the  pancreatic  juice  swarms  with  organisms  after  impure 
feeding.  Indeed,  the  products  of  normal  pancreatic  digestion, 
and  those  of  ordinary  putrefaction  of  albuminoids  are  practi- 
cally the  same.  Throughout  the  whole  intestine  organisms 
occur,  and  in  abnormal  states  of  mucous  membrane,  or  in  too 
prolonged  retention  of  intestinal  contents,  the  fungi  may 
multiply  and  excite  irritation  by  the  products  of  their  action.    . 

Lister  has  shown  that  a  healthy  urinary  tract  is  free  from 
organisms  by  obtaining  pure  urine  directly  from  the  urethra. 
This  experiment  has  been  widely  confirmed. 

But  bacteria  on  the  skin  and  mucous  surfaces  are  external  to 
the  body  proper — to  the  tissues.  That  organisms  are  found  in 
the  tissues  in  many  diseases,  we  shall  shortly  show;  w^e  have 
now  to  inquire  whether  they  exist  in  the  healthy  tissues.  The 
channels  by  which  they  may  enter  are — a  wound  of  the  skin 
(for  uninjured  epidermis  is  imj^ervious);  the  bronchial  and  the 
alimentary  mucous  membranes.  In  the  lung  they  are  probably 
taken  up  like  carbon  particles,  carried  to  lymphatic  glands,  and 
thence,  perhaps,  into  the  blood.  Many  bacteria  taken  into  the 
intestine  pass  out  with  the  feces;  five  kinds  have  been  cultivated 
and  described  as  constantly  present.  The  number  of  organisms 
passing  through  this  mucous  membrane  varies  with  the  number 
present  in  the  food;  it  becomes  very  great  when  animals  are 
fed  on  putrid  material.  Under  these  circumstances,  living 
organisms  may  be  found  in  the  urine;  as  will  be  the  case  also 
when  a  large  quantity  of  washed  putrefactive  organisms  is  in- 
jected into  the  circulation  (W.  Roberts).  Many,  of  course,  are 
carried  to  tissues  other  than  the  kidney,  and  are  found  as  yel- 
lowish masses  in  the  capillaries;  they  are  unable  to  obtain  food 
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in  the  healthy  system,  and  die  and  disappear  in  two  or  three 
weeks.  From  the  above  data  it  is  probable  that,  under  ordinary 
circumstances,  simple  organisms  enter  the  tissues  of  man  in 
small  quantity  only,  if  at  all;  and  that  any  which  enter  soon 
die,  and  do  not  reach  the  urine  alive.  Attempts  have  been 
made,  upon  the  following  plan,  to  prove  or  disprove  the  pres- 
ence of  organisms  in  healthy  tissues.  Portions  of  healthy  organs 
have  been  removed  with  such  precautions  and  placed  under 
such  conditions  as  to  prevent  their  contamination  from  any  ex- 
traneous source.  The  results  have  been  contradictory.  Mott 
and  Horsley,^  the  latest  writers  on  the  subject,  state  that,  with 
one  exception  out  of  twenty-one  animals,  organisms  developed 
when  the  'preparations  were  incubated  at  37.6°  C.  They  confirm 
previous  observers  by  noting  that  coccus-forms  precede  rod- 
forms;  that  development  of  the  latter  from  the  former  may  be 
traced;  that  rods  are  generally  found  in  kidneys,  less  often  in 
muscle,  never  in  blood.  The  rapidity  of  development  of  or- 
ganisms in  imincuhated  specimens  increased  with  rise  of  external 
temperature,  but  they  do  not  state  that  such  development  was 
constant.  Using  the  same  animals,  working  in  a  room  in  which 
dust  had  subsided,  and  cleansing  apparatus  by  heat  only, 
Meissner  kept  organs  in  pure  water  free  from  change  for  two  or 
three  years.  'So  mention  is  made  of  incubation;  but  it  is  fair 
to  suppose  that  the  specimens  reached  the  same  temperature  as 
did  Mott  and  Horsley's  unincubated  series.  Watson  Cheyne,^ 
however,  incubated  organs  in  cucumber  infusion,  with  a  negative 
result.  There  seems  no  reason  to  believe  that  development 
here  was  prevented  by  carbolic  acid  (the  spray  was  used),  for  in 
a  few  cases  organisms  did  appear,  and .  they  always  developed 
when  the  gall-bladder  was  included,  or  w^hen  bacteria  had  been 
injected  twenty-four  hours  before  death.  It  seems  impossible 
entirely  to  reconcile  the  two  sets  of  results;  for  the  animals, 
their  food,  and  the  air  which  they  breathed,  were  probably 
much  the  same.  The  rarity  with  which  any  collection  of 
putrescible  fluid  in  the  body  undergoes  putrescence,  though  the 
incubation-temperature  is  most  suitable,  seems  to  be  strongly 
against  the  existence  of  putrefactive  fungi  in  healthy  tissues. 

'  Journ.  of  Physiol.,  vol.  iii.,  No.  3. 
2  Trans.'Path.  Soc.  Lond.,  1879,  p.  571, 
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It  is  certain,  however,  that  they  may  live  for  some  hours  after 
entry;  so  some  "failures  to  preserve  portions  of  tissue," 
attributed  to  want  of  care,  may  really  have  been  due  to  the 
presence  in  them  of  living  germs  at  the  time  of  their  removal 
from  the  body. 

If  a  suitable  nidus  be  provided  for  the  development  of 
organisms,  they  multiply  and  set  up  their  characteristic  decom- 
position. Thus  Chauveau  performed  bistournage  of  a  sheep's 
testes  before  and  after  the  injection  of  septic  bacteria  into  the 
blood. ^  In  the  latter  case,  in  which  the  testis  contained 
organisms,  it  broke  down  into  a  putrid  fluid  and  excited  much 
inflammation  around;  in  the  former  the  organ  underwent  the 
fatty  changes  known  as  necrobiosis.  This  is  the  invariable 
course,  under  normal  conditions;  and  it  shows,  apparently,  that 
organisms  are  not  present  normally  in  the  sheep's  testes. 
Again,  organisms  cultivated  from  a  case  of  osteomyelitis  and 
injected  into  animals,  caused  no  symptoms  until  their  bones 
were  injured,  then  osteomyelitis  developed.  Mere  depression 
of  the  vital  energy  of  a  part,  or  some  slight  alteration  of  its 
metabolism,  may  therefore  be  suflicient  to  permit  the  develop- 
ment of  a  germ  which  previously  died  in  it. 

Some  organisms,  however,  seem  capable  of  flourishing  in 
tissues  which  are  perfectly  healthy — e.  g.,  the  poisons  of  the 
acute  specifics  and  B.  anthracis.  Even  here  there  is  some  very 
obscure  difference  between  individuals  of  the  same  species  or  of 
closely  allied  species  which  renders  some  of  them  suitable 
media  for  the  development  of  certain  organisms,  whilst  others 
are  unsuitable.  Thus  some  people  do  not  appear  capable  of 
contracting  the  acute  specific  fevers;  children  are  more  subject 
to  acute  specifics  than  adults;  Algerian  sheep  are  inimical  to 
splenic  fever;  young  dogs  are  easily  inoculated  with  the  B. 
anthracis,  but  old  ones  are  not.  One  great  diflSculty  in  the  ex- 
perimental study  of  the  infective  diseases  of  man  is  to  find 
animals  which  are  subject  to  them.  So  choice  indeed  are  many 
of  these  orga!r!s:n-5  as  to  the  nutritive  and  other  conditions 
under  which  they  will  develop,  that  they  are  satisfied  only  in 
certain  tissues  or  fluids  of  the  body;  some  multiply  in  the  blood, 
others  in  lymph,  some  in    bone   (osteomyelitis),  others  in  the 

"  Neerobiose  et  Gtu)";rene." 
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cerebro-spinal  meninges   (epidemic    cerebro-spinal  meningitis), 
and  so  forth. 

To  sum  up  these  long  paragraphs.  Organisms  innumerable 
exist  in  air,  water,  earth,  and  on  all  objects  exposed  to  air;  on 
the  skin  and  on  those  mucous  surfaces  which  are  in  contact 
with  air.  Experience  shows  that  putrefaction  after  death  begins 
in  the  abdomen,  spreading  from  the  alimentary  canal  to  the 
organs  round  about  it.  Organisms  probably  pass  constantly 
through  the  pulmonary  and  intestinal  mucous  membranes,  but 
in  small  number;  and  such  as  ordinarily  thus  enter  the  tissues 
are  unable  to  develop,  so  long  as  the  latter  are  healthy.  The 
life  of  such  fungi  among  the  tissues  is  short.  It  seems  to  be  a 
very  rare  thing  for  them  to  reach  the  urine  alive.  Occasionally 
an  organism  which  is  not  universally  present,  and  which  can 
develop  in  living  tissues,  enters  the  tissues.  The  recipient  of 
such  organisms  is  in  more  or  less  danger  of  disease.  The  great 
majority  of  mankind  afford  a  suitable  nidus  for  the  develop- 
ment of  some  fungi;  thus  few  are  immune  to  the  vaccine  virus. 
All  organisms,  perhaps,  flourish  best  in  tissues. of  which  the 
vitality  is  impaired;  some  probably  cannot  develop  unless  this 
is  the  case;  and  still  another  group  cannot  multiply  in  living 
tissues  at  all.  Two  great  divisions  (clinical)  of  organisms  are 
thus  obtained:  I.  The  Pathogenic,  or  those  which  can  invade 
and  multiply  in  living  tissues,  giving  rise  almost  invariably  to 
disease.  2.  The  Non-pathogenic  or  Simple,  which  can  develop 
only  in  dead  tissue,  and  are  therefore  found  chiefly  on  the 
surface  of  the  body,  where  sloughs  and  discharges  are  common. 
The  most  important  of  these  is  the  Bacterium  termo,  the  cause 
of  putrefaction.  It  is  a  very  rare  occurrence  for  this  fungus  to 
find  its  way  alive  to  an  internal  slough  or  putrescible  effusion, 
as  it  did  in  Chauveau's  experiment. 

,  Spontaneous  Generation.  The  possibility  of  organisms  originat- 
ing de  novo  from  the  molecules  of  decomposing  tissues  must  be 
mentioned,  but  cannot  be  discussed.  The  great  majority  of 
observers  are  agreed  that  there  is  no  evidence  of  its  occurrence 
at  the  present  day.  They  hold  that,  if  a  fluid  be  thoroughly 
sterilized,  and  placed  under  such  conditions  that  no  organisms 
can  enter  from  without,  no  organisms  will  develop. 

We  conclude,  therefore,  that  organisms  found  in  a  putrid 
wound  have  entered  it  from  without ;  and  that  the  same  is  true 
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of  fungi  found  in  pathological  lesions  within  the  tissues,  the 
organisms  having  entered  by  a  wound  or  mucous  surface.  For 
the  present,  at  least,  we  must  adhere  to  the  belief  that  neither 
living  organisms  nor  their  spores  exist  normally  in  the  tissues; 
and  that  they  are  never  eliminated  alive  by  an  excretory  organ 
or  by  a  wound. 

This  is  of  fundamental  importance  in  surgery.  If  the  Bac- 
terium termo  could  enter  a  wound  from  the  side  of  the  tissues, 
aseptic  treatment  would  be  impossible.  As  it  is,  we  are  sure 
that,  if  we  allow  no  loophole  for  the  entry  of  germs  from  with- 
out, our  wounds  will  remain  sweet.  Patients  are  thus  saved 
from  the  danger  of  septic  intoxication,  and  also  almost  certainly 
from  septic  infection  and  pyaemia;  for  the  fungi  giving  rise  to 
the  latter  diseases  find  in  septic  wound-discharges  a  favorable 
nidus,  whence  they  readily  invade  the  tissues,  but  they  very 
rarely  enter  the  body  b}^  any  other  channel.  Attention  to  gen- 
eral hygiene  is  the  only  way  at  present  known  to  prevent  inva- 
sion of  the  system  by  fungi  which  cause  "medical"  diseases. 
Once  organisms  have  gained  access  to  the  tissues,  it  is  extremely 
difficult  to  destroy  them  without  also  destroying  the  tissues. 
Improvement  of  the  general  health  probably  often  enables  the 
tissue-elements  successfullj^  to  resist  invasion. 

Organisms  in  Living  Tissues.  Modes  of  Spreading.  Ef- 
fects.— Having  obtained  an  entry,  pathogenic  fungi  may  remain 
about  the  spot  at  which  they  entered,  or  they  may  spread  by 
continuity  of  tissue  with  all  degrees  of  rapidity,  or  they  may 
pass  along  lymphatic  vessels  to  the  nearest  glands  or  even  into 
the  blood,  or  they  may  at  once  enter  the  circulation  and  be 
carried  all  over  the  body.  B.  tuberculosis,  for  example,  has 
been  seen  entering  vessels  of  all  kinds;  M.  erysipelatis  grows 
in  the  lymphatic  capillaries  of  the  skin,  and  so  on.  Everything 
depends  upon  the  life-i-equirements  of  the  fungus,  which  may 
be  satisfied  only  in  lymph  or  in  blood,  or  in  some  particular 
tissue.  They  are  not  uncommonly  found  within  cells — e.g., 
white  corpuscles,  giant-cells ;  and  it  is  possible  that  white  cor- 
puscles destroy  them.  In  the  tissues  they  grow  always  along 
lines  of  least  resistance,  as  is  best  seen  when  the  cornea  is  in- 
oculated with  fungi;  they  then  run  along  the  lymph-spaces  in 
which  the  cells  lie,  forming  a  characteristic  figure  called  the 
"  Pilz-fio^ur." 
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Once  in  the  blood-stream  they  are  swept  to  any  part  of  the 
body.  They  can  be  seen  in  the  plasmatic  zones  of  veins  in 
transparent  parts.  Where  they  will  stop  is  probably  decided 
by  the  relation  between  the  mass  they  form  and  the  size  of  the 
vessels;  they  may  or  may  not  be  able  to  develop  where  they 
happen  to  be  arrested.  Some  organisms  can  multiply  in  moving 
blood,  but  all  are  favored  by  rest.  When  they  have  come  to  a 
standstill,  the  germs  may  remain  within  the  vessel  or  pass  out 
into  the  surrounding  tissues.  Surrounded  by  stationary  food, 
they  now  set  up  chemical  changes  in  it,  which  render  it  more 
or  less  irritant  to  the  neighboring  tissues,  and  capable  of  exciting 
all  changes  from  a  very  chronic  inflammation  (tubercle)  up  to 
suppuration  (pysemia)  or  direct    necrosis.     At  the    same   time 

Fig.  149. 


Mouse's  lung;  vessels  plugged  ivith  Bacilli  anthracis.    a.  Alveolus,    v.  Vein  full  of  bacilli 
c.  Capillary,  also  full.     br.  Bronchus.     X  500,  slightly  reduced. 


some  of  the  products  are  absorbed,  and  often  give  rise  to  fever. 
These  are  the  two  chief  modes  of  action ;  but  fungi  will  produce 
some  effect  by  abstracting  nourishment  from  their  host,  and, 
perhaps,  also  by  plugging  a  large  number  of  the  vessels  of  some 
important  organ — as  the  lung.  The  accompanying  figure,  show- 
ing the  bacillus  of  splenic  fever  in  the  vessels  of  a  mouse's  lung, 
gives  an  idea  of  the  extent  to  which  this  process  may  be  carried. 
(Fig.  149.)     The  specimen  was  kindly  given  by  Mr.  Horsley. 

Specific  Classification  of  Bacteria. — Authorities  differ  as 
to  whether  this  is  possible.     We  have  as  yet  nothing  like  com- 


438  THE    VEGETABLE    PARASITES. 

plete  data  for  the  purpose ;  indeed  it  cannot  be  said  that  we 
know  certainly  the  whole  life-history  of  a  single  bacteriura.  All 
apparently  multiply  by  division ;  in  many,  spore-formation  also 
is  known;  but  it  probably  occurs  in  others  in  which  it  has  not 
yet  been  seen.  As  reproduction  affords  at  present  no  ground 
for  subdivision,  we  must  turn  to  morphological  characteristics, 
viz.,  form  and  size,  for  no  structural  difference  can  be  made  out. 
Are  these  two  points  sufficient  to  serve  as  the  basis  of  a  classi- 
fication ? 

Cohn  maintains  that  there  are  orders  characterized  by  distinct 
forms,  which  they  adhere  to  throughout  their  whole  life.  Some 
are  spherical,  others  rod-shaped,  others  twisted  like  a  screw. 
Specific  differences  are  established  by  minor  differences  in  form, 
such  as  rounded  or  sharply  truncated  ends  of  rods,  variations  in 
size  and  in  mode  of  growth,  and  by  the  discovery  of  the  physio- 
logical action  of  the  organism,  each  one  having  some  special 
feature  in  this  respect.  Thus  two  spherical  bacteria  of  the  same 
size  may  be  distinguished  by  a  totally  different  physiological 
action;  and  this  will  necessitate  their  being  classed  as  distinct 
species.  As  an  analogy,  Cohn  points  to  the  close  naked-eye  and 
microscopic  resemblance  between  the  sweet  and  bitter  almond, 
the  physiological  actions  of  which  are  so  very  different;  and 
Virchow,  in  the  same  sense,  alludes  to  the  impossibility  of  dis- 
tinguishing between  the  cells  of  the  early  embryo,  though  their 
potentialities  are  so  various.  Koch  supports  this  view  strongly; 
for  he  has  been  able  to  cultivate  fungi  of  easily  recognizable 
form  through  many  generations,  and  has  been  able  to  note  no 
change,  either  morphological  or  physiological,  such  as  would 
lead  him  to  suppose  that  it  is  possible  for  a  given  form  with  a 
well-defined  physiological  action  to  pass  into  another  form 
having  a  different  action.  Koch  thinks  that  no  alteration  in 
food  or  in  physical  conditions  will  transform  a  micrococcus  into 
a  bacterium  or  bacillus,  and  that  there  is  no  evidence  of  the 
apparently  slighter  change  from  a  harmless  non-pathogenic 
bacillus  (B.  subtilis)  into  a  virulent  pathogenic  one  (B,  anthracis) 
having  been  effected  by  these  means.  Cohn  and  Koch  may 
therefore  be  cited  as  believing  that  specific  classification  of 
Schizomycetes  is  possible,  and  that  the  different  species  which 
they  describe  are  immutable. 

On  the  other  hand,  it  is  believed  that  Cohn's  divisions  are 
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merely  developmental  forms  of  one  (Coccobacteria  septica, 
Billroth),  or  a  few  undetermined  species  (Nageli).  The  argu- 
ments on  this  side  are  : 

1st.  That  in  successive  cultivations,  especially  in  different 
media,  the  forms  developed  have  varied  greatly  from  the  original, 
assuming  in  succession  the  shapes  characteristic  of  Cohn's 
orders ;  and  at  the  same  time  their  physiological  activity  has 
changed  equally.  This  is,  of  course,  a  direct  contradiction  of 
Koch's  statement  and  may  be  true ;  but  it  must  be  remembered 
that  the  method  employed  (successive  cultivation)  is  one  in 
which  error  is  easy.  In  fact,  it  is  far  easier  to  fail  than  to 
succeed;  so  the  suspicion  that  the  cultivations  have  become  con- 
taminated by  other  organisms  arises.  It  must,  however,  also  be 
borne  in  mind  that  many  of  the  observations  which  support  the 
above  statement  were  made  by  men  of  the  highest  skill. 

2dly.  Different  forms  of  bacteria  are  found  taking  part  in  the 
same  decomposition  {e.g.,  putrefaction).  This  shows  simply 
that  several  different  organisms  are  capable  of  living  in  the 
same  fluid;  the  process  is  a  complex  one,  and  the  products  are 
the  result  of  the  life-actions  of  different  forms ;  it  does  not  show 
that  different  forms  develop  from  one  species. 

3dly.  The  same  form  may  be  found  associated  with  the  most 
different  chemical  changes.  Thus  naicrococci,  indistinguishable 
from  each  other  by  form  or  size,  occur  in  relation  with  diph- 
theria, erysipelas,  smallpox,  pyaemia,  infective  osteomyelitis, 
and  many  other  diseases.  They  cannot  be  the  same  if  they  are 
the  cause  of  these  maladies ;  but  that  similar  forms  may  be 
specifically  distinguished  by  their  physiological  activities  has 
already  been  shown  (p.  438). 

4thly.  Coze  and  Feltz,  Davaine,  and  others,  produced  an  arti- 
ficial septicaemia  by  injecting  putrid  fluids,  containing  many 
forms  of  bacteria,  into  rabbits,  and  found  that  the  virus  in- 
creased as  the  disease  was  transmitted  from  animal  to  animal ; 
so  that  in  the  twentj^-fifth  transmission  of  a  series,  Davaine  pro- 
duced fatal  septiceemia  with  one-trillionth  of  the  original  dose 
of  one  drop.  But  this  apparent  increase  in  virulence  was  due 
to  neglect  of  a  control-experiment  made  b}^  taking  the  smallest 
quantity  possible  at  an  early  stage.  Davaine  himself  thus  found 
that  no  increase  of  virulence  occurred  after  the  second  or  third 
generation ;  and  Koch  shows  that  even  this  was  due  to  greater 
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purity  of  the  organism  inoculated,  forms  other  than  that  specific 
to  the  disease  having  rapidly  diminished,  whilst  the  specific  one 
increased  and  multiplied.  Similar  increase  in  physiological 
activity  produced  by  cultivation  has  been  alleged  to  occur  in 
other  organisms,  and  has  been  similarly  explained. 

5thly.  Buchner  states  that  by  cultivating  the  non-pathogenic 
hay-bacillus  in  meat-infusions,  and  in  unsterilized  blood,  he 
made  it  ''  savage,"  and  converted  it  into  B,  anthracis;  and  that 
by  a  converse  process  he  converted  B.  anthracis  into  B.  subtilis. 
The  experiments  have  been  repeated  with  negative  results  by 
Koch,  who  points  out  the  probable  flaws  in  Buchner's  experi- 
ments, and,  more  recently,  by  Klein. 

6thly.  By  cultivating  B.  anthracis  at  42°-43°  C,  Pasteur 
succeeded  in  so  "  attenuating  "  the  virus  of  splenic  fever,  that 
when  inoculated  upon  sheep  it  caused  little  or  no  illness,  but 
conferred  upon  them  immunity  from  splenic  fever :  of  fifty 
sheep,  twenty-five  vaccinated  with  the  attenuated  virus,  all 
lived ;  twenty-five  unvaccinated,  all  died  when  inoculated  with 
the  virulent  poison.  This  result  was  twice  obtained.  Other 
experiments,  though  less  successful,  have  been,  on  the  whole, 
confirmatory.  But  Koch,  Lofler,  and  Chauveau,  have  not  suc- 
ceeded in  attenuating  the  virus  or  in  conferring  any  certain 
protection.  Perhaps  this  is  owing  to  the  fact  that  Pasteur  has 
not  published  an  exact  account  of  his  method  of  attenuating 
the  poison.  As  regards  rodents,  Klein  failed  wholly  to  produce 
immunity ;  so  long  as  the  B.  anthracis  acted  at  all  it  produced 
splenic  fever.  By  similar  cultivation  at  42°--l3°  C,  or  by  leaving 
the  organisms  of  chicken  cholera  in  chicken  broth  exposed  to 
air  from  eight  to  ten  months,  they  were  similarly  attenuated, 
and  protected  the  fowl  for  perhaps  a  year  from  attacks  of  the 
disease  (Pasteur).  Quite  recently,  Pasteur  has  stated  that  he  is 
able  similarlj^  to  vaccinate  against  hydrophobia.  The  analogy 
of  these  processes  with  vaccination  is  destroyed  by  the  absence 
of  proof  that  vaccine  is  smallpox  poison  attenuated  by  cultiva- 
tion in  a  cow.  In  the  above  cases  the  physiological  action  of 
the  fungi  must  undoubtedly  be  modified  by  the  treatment  they 
undergo,  but  the  modification  is  not  such  as  to  prevent  a  specific 
classification. 

This  is  the  experimental  evidence  as  to  the  mutability  of  bacteria. 
At  present  the  balance  is  decidedly  against  it,  but  Koch  himself 
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recognizes  that  his  experiments  do  not  prove  its  impossibility. 
Like  all  other  organisms,  these  unicellular  beings  must  have 
more  or  less  power  of  adapting  themselves  to  altered  surround- 
ings, and  will  be  modified  by  the  latter;  the  question  is  whether 
marked  modification  can  be  thus  produced  within  periods  which 
can  be  covered  by  observations.  Koch's  experiments  are  suf- 
ficient to  show  that  many  fungi,  at  all  events,  preserve  unaltered 
through  long  series  of  cultivations  their  inherited  characteristics. 

Looked  at  from  a  clinical  point  of  view,  every  one  feels  that 
the  best  marked  group  of  infective  diseases — the  specific  fevers 
— must  have  an  unvarying,  a  specific  cause.  Most  observers 
believe  that  these  diseases  never  arise  except  b^^  infection  from 
a  previous  case.  Assuming  the  virus  to  be  a  fungus,  they 
admit  that  it  must  at  some  time  have  acquired  the  physiological 
action  which  enables  it  to  produce  a  certain  disease ;  but  they 
hold  that  there  is  no  evidence  that  harmless  fungi  do  at  the 
present  time  ever  acquire  such  powers.  Isolated  communities 
remain  free  from  such  diseases  for  centuries  until  a  case  is  in- 
troduced among  them;  then  it  spreads  with  the  utmost  rapidity. 
In  1520,  a  negro,  covered  with  smallpox  pustules,  was  landed 
on  the  Mexican  coast,  where  the  disease  was  not  yet  known; 
three  and  a  half  millions  are  said  to  have  died  of  it.  In  1846, 
measles  was  introduced  from  Copenhagen  into  the  Faroe  Islands, 
and  almost  every  one  suffered.  Similar  facts  concerning  other 
acute  specifics  are  given  by  Sir  T.  Watson,  in  Nineteenth  Century, 
Ko.  III.  Murchison  and  others  believed  that  typhus  and  typhoid 
might  originate  de  novo,  being  filth-begotten;  but  the  conditions 
of  life  in  slave-ships  and  Arctic  winter-houses  are  as  unsanitary 
as  ever  they  were  in  our  goals  when  typhus  was  endemic  in 
them — yet  no  typhus  occurs.  As  to  the  origin  of  typhoid  from 
sewer-gas.  Continental  towns  show  that  exhalations  of  it  may 
be  intense  and  prolonged  without  ever  generating  typhoid. 

The  poison  of  the  most  infectious  diseases  has  obviously  so 
great  a  power  of  spread  by  air,  food,  clothing,  etc.,  that  it  is 
almost  impossible  to  find  a  case  in  which  the  possibility  of  in- 
fection from  a  previous  case  cannot  be  shown.  The  less  infec- 
tious kinds  have,  therefore,  been  turned  to  by  the  advocates  of 
the  de  novo  origin.  Many  cases  of  supposed  spontaneous  origin 
of  diphtheria  are  recorded ;  and  a  urethral  discharge  like 
gonorrhoea,  in  symptoms  and  communicability,  may,  it  is  said, 
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be  contracted  from  a  woman  suffering  from  any  foul  discharge 
— not  gonorrhoeal.  But  it  is  quite  possible  that  urethral  dis- 
charges may  be  excited  by  infective  irritants  other  than  the 
gonorrhoeal  poison.  With  regard  to  the  so-called  hospital 
diseases — pysemia,  septicaemia,  hospital  gangrene — there  is,- 
perhaps,  evidence  of  some  change  from  non-pathogenic  to 
pathogenic  organisms.  How  otherwise  is  it  to  be  explained 
that,  when  a  new  building,  which  has  never  before  contained 
wounded,  is  taken  in  time  of  war  as  a  hospital,  these  diseases 
break  out  so  soon  as  crowding  of  the  wounded  reaches  a  certain 
point,  w^hilst  they  do  not  attack  patients  in  tents  close  by  ?  Can 
we  suppose  that  the  specific  causes  were  present  in  the  building? 
or  do  not  the  facts  tempt  to  the  belief  that  ordinary  bacteria 
acquire  pathogenic  properties  by  cultivation  under  the  condi- 
tions brought  about  by  overcrowding  of  the  wounded?  The 
state  of  atmosphere  produced  in  the  building  would  seem  to  be 
analogous  to  the  "epidemic  influence" — that  influence  which 
causes  infective  diseases  every  now  and  again  to  become  widely 
epidemic.  From  the  clinical  standpoint,  therefore,  it  would 
seem  that  but  little  evidence  is  forthcoming  in  favor  of  the 
mutability  of  bacteria;  but  the  question  must  be  regarded  as 
entirely  sub  judice. 

It  will  be  seen  that,  by  origin  de  novo,  a  germ-theorist  under- 
stands— not  the  spontaneous  development  of  an  organism,  but 
the  acquisition  under  suitable  cultivation  of  pathogenic  proper- 
ties by  a  non-pathogenic  fungus. 

The  acute  specific  diseases,  to  which  allusion  has  so  often 
been  made,  are  now  regarded  as  forming  a  class  in  the  much 
larger  group  of  Infective  Diseases.  These  may  be  defined  as 
diseases  due  to  the  action  of  a  poison  or  virus  which  has  the 
power  of  invading  and  multiplying  in  living  tissues.  They  may 
be  local  or  general — i.  e.,  the  virus  may  be  able  only  to  invade 
the  tissues  for  a  greater  or  less  distance  about  its  point  of  entry, 
or  it  may  be  able — either  directly  by  multiplying  in  the  blood, 
or  indirectly  by  throwing  into  it  the  products  of  its  action  in 
the  tissues — to  excite  the  tissues  in  general  to  increased  meta- 
bolism (fever),  and  perhaps  to  lodge  in  other  tissues  and  excite 
fresh  foci  of  disease. 

These  diseases  are  divided  according  to  certain  characteristics 
of  the  virus: 
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1.  Contagious.  These  are  communicable  only  from  individual 
to  individual ;  the  poison  runs  its  whole  course  of  development 
in  the  body.  Scarlet  fever,  measles,  smallpox,  are  examples. 
The}^  are  frequently  epidemic. 

2.  Miasmatic.  These  are  endemic  diseases  of  which  malarial 
fever  is  the  type.  This  disease  is  not  communicable  from  man 
to  man ;  the  poison  which  causes  it  develops  outside  the  body, 
havin^^  no  relation  to  a  previous  case  of  ague. 

3.  Contagio-miasmatic.  In  this  class  are  placed  certain  diseases 
which  seem  to  be  derived  always  from  a  previous  case  of  the 
disease,  but  not  directly ;  the  poison  has  to  go  through  some 
change  external  to  the  body.  The  best  examples  are  typhoid 
and  cholera.  There  is  doubt  as  to  what  constitutes  the  pecu- 
liarity of  this  group.  The  hypothesis  of  an  essential  change 
taking  place  external  to  the  body  originated  with  the  Munich 
school.  But  Pettenkofer  has  abandoned  it,  and  thinks  that 
these  diseases  differ  from  the  miasmatic  simply  in  being  trans- 
portable by  man  from  their  seat  or  seats  of  origin. 

4.  There  would  seem  to  be  another  set  of  diseases — septic — 
the  poisons  of  which  may  be  derived  from  many  putrid  infusions. 
When  the  disease  has  once  been  started  in  this  way,  it  can  be 
transmitted  directly  from  individual  to  individual  indefinitely. 

It  will  be  remembered  that,  having  pointed  out  the  analogy 
which  exists  between  fermentation  and  infective  disease,  we  con- 
sidered the  views  which  have  been  put  forward  as  to  the  etiology 
of  fermentation,  and  concluded  that  the  germ-theory  was  almost 
certainly  the  true  one.  It  seems  impossible  to  furnish  absolute 
proof  of  it,  for  it  is  impossible  to  cleanse  thfe  germs  so  thoroughly 
as  to  be  sure  that  no  particles  in  a  state  of  "  motor  decay  "  are 
added  with  it  to  a  test-fluid.  The  facts,  however,  that  the  par- 
ticles in  a  state  of  motor  decay  have  never  been  demonstrated 
apart  from  organisms,  and  that  the  properties  of  the  cause  of 
fermentation  appeared  to  be  those  of  a  living  thing,  render  it,  as 
has  been  said,  almost  certain  that  organisms  stand  to  the  process 
of  fermentation  as  cause  to  effect.  There  is,  therefore,  on  the 
strength  of  the  above  analogy,  a  prima  facie  case  in  favor  of  the 
germ-theory  as  applied  to  the  infective  diseases.  And  it  will 
be  found  upon  examination  of  the  evidence  yielded  by  actual 
observation  of  these  diseases,  and  by  experiments  upon  animals, 
that  the  demonstration  of  the  causal  relationship  of  organisms 
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to  them  is  in  some  cases  as  complete  as  it  is  in  the  case  of 
fermentation,  although  in  the  great  majority  the  proof  is  still 
more  or  less  doubtful. 

To  prove  that  a  microorganism  is  the  cause  of  a  disease,  it  is 
necessary : 

1.  To  find  the  same  organism  recognizable  by  its  form,  mode 
of  growth,  or  products,  constantly  associated  with  the  disease, 
at  least  in  its  earlier  stages;  and  in  sufiacient  numbers  to  account 
for  the  symptoms. 

2.  To  produce  the  disease  in  other  animals  by  inoculating 
them  with  material  containing  the  organism  taken  from  diseased 
animals. 

3.  To  make  "pure"  cultivations  of  the  organism  through 
several  generations ;  and,  when  it  may  reasonably  be  supposed 
that  all  else  taken  from  the  animal  which  yielded  the  virus  has 
disappeared,  to  inoculate  other  animals  with  the  cultivated 
organism  and  still  to  obtain  the  same  disease. 

The  demonstration  of  a  well-characterized  organism  in  con- 
stant association  with  a  disease  is  now  by  many  taken  as  almost 
equivalent  to  proof  that  it  is  the  cause  of  the  morbid  process. 
For  it  is,  in  most  cases,  impossible  to  experiment  on  man,  and 
frequently  no  animal  can  be  found  which  suffers  from  the  dis- 
ease under  investigation.  Consequently,  the  proof  cannot  be 
carried  beyond  the  first  stage.  This,  however,  is  no  proof  at  all 
to  those  who  believe  that  under  certain  circumstances  a  certain 
form  of  organism  will  develop  spontaneously ;  nor  is  it  satisfac- 
tory to  others  who  think  that,  when  a  nidus  favorable  to  a  cer- 
tain organism  exists,  that  organism  is  sure  to  drop  into  it. 

The  amount  of  patience  and  skill  necessary  to  carry  on  an 
investigation  of  the  above  kind  can  be  appreciated  only  by  those 
who  have  worked  at  the  subject.  They  are  not  surprised  that 
so  few  diseases  have  been  thoroughly  investigated.  In  the  case 
of  man,  the  difiiculty  of  obtaining  material  in  the  early  stages 
of  diseases,  and  sufiiciently  soon  after  death,  must  also  be  taken 
into  account.  Until  quite  recently,  too,  the  methods  employed 
were  wholly  inadequate  to  the  discovery  of  many  kinds  of  fungi. 
At  first  there  was  unaided  microscopic  examination  only,  and 
with  inferior  glasses;  the  detection  of  all  fungi,  under  these  cir- 
cumstances, was  very  difficult,  and  often  impossible.  A  consid- 
erable step  was  made  when  v.  Kecklinghausen,  in  1871,  pointed 
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out  the  uniform  size  and  the  resisting  power  of  micrococci 
against  dilute  acids  and  alkalies  and  glycerine  as  a  means  of 
diagnosis  between  them  and  fatty  and  albuminoid  particles. 
But  progress  has  been  much  more  rapid  since  the  introduction 
by  Weigert  of  the  aniline  dyes  as  stains  for  organisms,  and  by 
Koch  of  many  improvements  in  the  mode  of  examining  speci- 
mens and  of  carrying  on  pure  cultivations.  Details  of  these 
processes  will  be  given  in  the  latter  part  of  this  chapter. 

The    Schizomycetes. 

We  shall  now,  adopting  Cohn's  classification,  give  the  orders, 
genera,  and  some  of  the  species  of  the  Schizomj^cetes,  and  state 
the  grounds  for  believing  that  certain  of  them  are  causally  asso- 
ciated with  disease. 

Order  1 :  Sph^robacteria  or  Micrococci.  These  are  round 
or  oval  cells,  generally  0.5  to  2  ^  in  diameter,  single,  in  pairs,  or 
in  chains  of  4  to  20  cocci  (sometimes  200  or  300),  which  may  be 
straight  or  wavy.  They  often  occur  also  in  colonies  and  zoogloea- 
masses.  The  chains  only  seem  sometimes  to  have  slow  spon- 
taneous movement.  They  diifer  among  themselves  in  form,  size, 
mode  of  grouping,  and  physiological  action,  and  thus  are  estab- 
lished genera  and  species.  Though  often  found  in  putrefying 
fluids,  they  are  not  the  cause  of  putrefaction. 

There  are  two  genera:    Micrococcus  and  Sarcina. 

I.  Genus  Micrococcus. — Cohn  arranges  the  species  of  Micro- 
coccus in  three  groups:  pigment-forming,  fermentative,  and 
pathogenic. 

(a)  Pigment-forming.  Uncolored  themselves,  they  form,  in  con- 
tact with  air,  slimy  films  of  various  colors.  They  are  frequently 
seen  on  bits  of  boiled  potato.  The  color  does  not  vary  with  the 
soil,  but  is  specific  to  each  form.  The  species  are:  M.  pro- 
digiosus  (red),  the  cause  of  the  "bleeding"  host;  M.  luteus, 
aurantiacus,  chlorinus  cyaneus — the  cause  of  blue  pus — and 
violaceus. 

(6)  Fermentative.  M.  ureee,  the  cause  of  the  ammoniacal  fer- 
mentation of  urine,  which  it  enters  from  the  air.  Urine  obtained 
pure  and  exposed  only  to  pure  air  will  keep  acid  for  years.  The 
change  eflfected  in  the  transformation  of  urea  into  ammonic  car- 
bonate is  said  to  be  due  to  the  action  of  an  unformed  ferment 
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secreted  by  M.  urese  (Musculus^)  which  must  be  indiiFusible,  for 
the  urine  in  an  excised  bladder  does  not  putrefy  even  if  placed 
in  putrid  urine.  The  change  often  occurs  in  urine  contained 
in  the  living  bladder,  and  may  extend  up  to  the  pelves  of  the 
kidneys,  vi'ith  the  most  fatal  results  (suppurative  nephritis,  p. 
348).  M.  ureee  is  rather  large  (2  ij)  and  occurs  singly  or  in 
chains. 

(c)  Pathogenic.  The  absence  of  distinctive  form  is  a  great 
difficulty  in  the  carrying  on  of  "  pure"  cultivations,  and  in  the 
demonstration  that  a  specific  coccus  is  the  cause  of  a  disease. 
Cocci  are  more  frequently  associated  v^'ith  diseases  than  any 
other  form  of  fungus. 

Micrococci  (Fig.  150,  2)  have  been  found  in  large  numbers  in 
the  secondary  deposits  of  Pycemia  (Rindfleisch,  v.  Reckling- 
hausen, and  many  others).  It  has  been  shown  that  the  un- 
healthiness  of  the  wound  is  in  proportion  to  the  number  of 
zoogloea-masses  on  its  surface,  and  the  severity  of  the  disease  to 
the  number  of  cocci  in  the  blood  (Birch-Hirschfeld) ;  the  cocci 
have  been  traced  from  the  wound  into  connective-tissue  inter- 
spaces and  into  a  vein  (Klebs).  Cultivation-experiments  are  still 
needed;  inoculation  of  animals  from  man  has  repeatedly  failed. 
By  injecting  a  putrid  infusion  of  skin  Koch  obtained  an  infective 
disease  in  rabbits  like  pyaemia  in  man ;  a  micrococcus  was  con- 
stantly present  in  the  blood.  The  disease  was  transmitted  from 
animal  to  animal  several  times  (p.  416). 

With  putrid  blood  spreading  gangrene,  with  a  specific  coccus 
growing  in  chains,  was  produced;  and  in  rabbits,  abscess 
spreading  from  the  seat  of  inoculation,  was  produced  with 
clouds  of  very  small  cocci  (15 /«)  in  the  wall;  each  was  locally 
infective,  and  was  transmitted  several  times.  A  septicaemia  of 
rabbits,  with  a  characteristic  oval  coccus,  was  also  produced. 
In  these  cases  there  seems  no  loophole  for  doubt  that  the  organ- 
isms really  caused  the  diseases.  Many  organisms  were  at  first 
injected,  one  only  developed  after  inoculation,  and  each  trans- 
mission was  therefore  a  pure  cultivation.  The  poison  evidently 
multiplies;  and  as  we  have  rejected  the  physical  explanation  of 
this  increase  (p.  420),  we  have  only  the  vital  theory  left.  Every 
student  should  read  Koch  on  "  Trauraative  Infective  Diseases," 
where  a  full  account  of  the  above  maladies  is  given. 

1  Compt.  Kend.,  vol.  78. 
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Micrococci  are  constantly  present  in  the  pus  of  acute  abscesses 
(Fig.  150,  1);  in  chronic,  they  are  not  found.  Many  observers 
have  noted  this.  Ogston  found  that  pus  from  acute  abscesses 
in  man  caused  acute  abscess  in  animals  when  inoculated  upon 
them ;  the  disease  could  be  transmitted  from  animal  to  animal ; 
cultivation  of  the  cocci  of  the  original  abscess  succeeded  in  eggs, 
and  inoculation  of  the  cultivated  organisms  again  caused  abscess. 
The  egg  remained  quite  sweet.  Some  animals  even  of  the  same 
litter  proved  much  more  resistant  than  others.  In  some  cases 
well-marked  septicaemia  occurred,  the  symptoms  in  mice  being 
such  as  were  described  by  Koch.     Micrococci  were  then  found 

Fig.  150. 
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1.  Micrococci  from  an  acute  abscess — some  in  a  pus-cell.  2.  Micrococci  from  secondary 
suppuration  in  elbow  (puerperal  fever;  lent  by  Mr.  Horsley).  3.  Micrococci  from  gonor- 
rhoeal  pus,  in  cells.  4.  Sarcina  ventriculi.  5.  Bacterium  termo.  6.  Bacillus  anthracis, 
from  blood  of  mouse  (lent  by  Mr.  Horsley).  7.  Chains  from  cultivation  of  B.  anthracis; 
some  bearing  spores  (after  Duclaux).  8.  Bacillus  of  typhoid,  from  a  mesenteric  gland 
(lent  by  Dr.  Gibbes).  9.  B.  malarias:  dichotomous  division,  parietal  spore-formation, 
jointed  and  unjointed  threads  which  appear  in  cultures  and  fine  spores;  X  one-twelfth, 
oil-immersion,  Zeiss  (after  Klebs  and  Tommasi-Crudeli).  10.  Spirilla  of  relapsing  fever, 
and  red  corpuscle  (after  Vandyke  Carter).     All  X  600  except  B.  malarias. 

in  the  blood,  though  never  in  very  large  number,  apparently. 
Ogston  concludes  that  all  acute  suppuration  is  due  to  micrococci; 
and  that  the  same  organisms  may  under  unknown  circumstances 
give  rise  to  septicaemia.^ 

Erysipelas.  Micrococci  have  often  been  described  in  erysipe- 
latous skin,  especially  at  the  spreading  edge;  v.  Recklinghausen 
and  Lukomsby^  showed  that  they  occupied  the  lymphatic  chan- 
nels and  spread  along  them  (hence  the  name — infective  capillary 


^  British  Medical  Journal,  vol.  i.  p. 
*  Virchow's  Arch.,  vol.  Ix.  p.  418. 
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lymphangitis).  Orth  produced  tj'pical  erysipelas  in  a  rabbit  by 
subcutaneous  injection  of  the  fluid  from  an  erysipelatous  bulla; 
with  oedema  fluid  from  this  animal  he  successfully  inoculated 
another;  the  fluid  and  afifected  skin  contained  cocci  in  large 
numbers,  Orth  cultivated  the  fungus,  and  produced  erysipelas 
by  injecting  it.  Last  year  Fehleisen  (D.  JEtiologie  des  Erysipels) 
found  numerous  cocci  in  chains  constantly  present  in  bits  of  skin 
excised  from  patients  having  erysipelas;  they  lay  in  the  lym- 
phatics chiefly  of  the  superficial  part  of  the  corium  and  in  the 
subcutaneous  fatty  tissue,  never  in  bloodvessels.  They  had 
excited  round-celled  infiltration  about  them.  The  cocci  were 
cultivated  upon  gelatine  through  fourteen  generations  in  two 
months ;  eight  out  of  nine  rabbits  now  inoQulated  suffered  from 
the  disease;  six  out  of  seven  inoculations  upon  man  were  equally 
successful.  The  incubation  was  fifteen  to  sixty  hours;  then 
followed  rigors,  fever,  and  typical  rash.  The  disease  was  severe 
in  two  cases.  Immunity,  if  conferred  at  all,  lasts  less  than  two 
months.  Three  per  cent,  solution  of  carbolic  acid,  one  per  cent, 
of  perchloride  of  mercury,  stopped  the  growth  of  the  fungus. 

Diphtheria.  In  the  membrane  characteristic  of  this  disease 
are  found  numbers  of  micrococci  with  other  organisms.  The 
cocci  have  been  found  also  in  the  tissue  upon  which  the  mem- 
brane lies,  and  have  several  times  been  traced  thence  along  the 
lymphatics  to  the  nearest  glands;  miliary  deposits  of  them  have 
been  found  also  in  the  heart,  liver,  kidneys,  and  other  organs, 
closely  resembling  those  of  pyaemia,  having  even  a  similar 
brownish  color.  Their  occurrence  probably  explains  the  com- 
plications, especially  albuminuria,  which  are  often  met  with. 
Trendelenburg  infected  the  bronchi  of  rabbits  with  bits  of  mem- 
brane, and  ITiiter  the  conjunctiva.  Klebs  and  Letzerich  culti- 
vated the  organisms,  but  rabbits  inoculated  died  very  rapidly, 
perhaps  of  septicaemia,  without  the  occurrence  of  membranes, 
Lofiier  has  a  paper  in  a  recent  volume  of  the  Mitth.  a.  d.  k. 
Gesundheitsamie,  in  which  he  describes  a  bacillus  as  the  specific 
organism  of  diphtheria.  The  possible  origin  of  the  disease  from 
a  miasm  or  fungus  growing  outside  the  body  has  been  alluded  to. 

The  disease  is  probably  primarily  local,  its  seat  being  most 
commonly  the  throat.  The  lesion  here  is  comparable  to  the 
primary  sore,  not  to  the  sore  throat,  of  syphilis ;  for  in  cases  in 
which  the  seat  of  inoculation  is  a  wound,  no  aifection  of  the 
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throat  appears,  as  was  noticed  in  cases  occurring  in  the  wards 
of  the  Children's  Hospital  when  diphtheria  cases  were  not 
isolated.  It  is  believed  by  many  that  these  cases  of  obvious 
diphtheria  of  wounds  pass,  on  the  one  hand,  into  hospital  gan- 
grene, and,  on  the  other,  into  croup  of  granulations.  It  is  said 
that  endemic  pharyngeal  diphtheria  goes  with  endemic  wound- 
diphtheria  (Hiiter).  Proof  of  the  identity  of  these  processes  is 
wanting.  Membranes  of  diphtheritic  aspect  appear  occasionally 
on  almost  all  mucous  membranes,  but  without  any  symptoms  of 
diphtheria.  Their  occurrence  shows  simply  that  irritants  other 
than  the  diphtheritic  virus  can  produce  that  form  of  necrosis 
and  quality  of  exudation  which  make  up  the  true  diphtheritic 
membrane  (p.  260).  Simple  irritants  may  produce  similar 
membranes  (p.  335);  they  contain  cocci,  which  have  fallen  on 
to  them. 

Gonorrhcea.  I^eisser,  in  1878,  described  a  large  micrococcus 
peculiar  to  this  disease.  (Fig.  150,  3.)  He  was  able  to  distin- 
guish it  from  ordinary  cocci  by  its  size,  by  the  distance  between 
the  individuals  in  the  groups,  about  equal  to  the  diameter  of  a 
coccus,  and  by  their  occurrence  upon  the  surfaces  of  cells;  and 
he  used  it  as  a  means  of  diagnosticating  gonorrhoeal  discharges 
from  urethra,  eye,  etc.  He  cultivated  it,  but  failed  in  his  inocu- 
lation-experiments. These  have  been  successfully  carried  out 
by  Bockhardt.^  He  injected  a  fourth  cultivation  into  the  urethra 
of  a  general  paralytic,  and  produced  a  purulent  discharge.  The 
man  died  of  pneumonia  ten  days  later,  and  an  examination  of 
the  urethra  led  Bockhardt  to  believe  that  the  cocci  probably 
pass  through  the  epithelium  into  the  lymphatics  of  the  fossa 
navicularis,  where  they  excite  lively  inflammation.  They  enter 
into  white  corpuscles,  and  pass  with  them  into  bloodvessels, 
where  they  die ;  or  they  come  away  in  the  pus. 

Pneumonia.  Klebs  described  a  micrococcus  as  present  in 
pneumonia,^  and  was  confirmed  by  Koch^  and  Friedlander,*  who 
demonstrated  the  constant  presence  of  the  organisms  in  great 
numbers  in  the  early  stages,  not  only  in  the  exudation,  but  also 
in  the  lymphatics  of  the  lung.     Friedlauder^  now  states  that  he 

'  Sitz.  Bericht  d.  Phys.  Med.  Gesell.     Wurzburg,  1882. 
2  Arch.  f.  Exp.  Path.,  iv. 

8  Mitth.  a.  d.  k.  Gesundh.,  1881.  *  Virch.  Arch.,  vol.  87. 

*  Portschritte  d.  Med. ;  abstract  in  British  Medical  Journal,  vol.  i.  p.  174,  1884. 
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has  cultivated  the  coccus  in  blood-serum  and  gelatinized  meat- 
infusion,  and  on  potato.  Diffused  in  distilled  water  and  injected 
into  the  lung  and  pleura  of  rabbits,  they  produced  no  effects; 
but  thirty-two  mice  died  without  exception,  and  generally  in 
eighteen  to  twenty  hours.  The  lungs  were  very  red  and  almost 
universally  solid,  and  the  spleen  was  enlarged;  both  organs  con- 
tained the  characteristic  cocci,  which  were  present  in  consider- 
able numbers  in  the  blood,  and  in  enormous  numbers  in  fluid 
which  occupied  the  pleura.  G-uinea-pigs  were  more  refractory 
to  the  poison,  and  only  one  dog  of  five  suffered. 

Inhalation-experiments  were  made  by  spraying  water  charged 
with  cocci  for  five  minutes  into  the  cages  of  mice;  three  of  ten 
developed  pneumonia.     The  effect  of  chill  was  not  excluded. 

The  cocci  are  large,  oval,  stain  best  with  Ehrlich's  gentian- 
violet,  and  have  round  them  a  peculiar  capsule  of  mucin 
(Friedlander),  which  is  not,  however,  constant.  Epidemics  of 
pneumonia  have  often  been  described,  and  complete  proof  of 
the  view  that  it  is  an  infective  disease  seems  to  be  close  at  hand. 

Salvioli  and  Zaslein^  confirmed  some  earlier  observations  of 
Friedlander.  They  found  the  coccus  in  the  blood  and  in  blister- 
fluid  of  pneumonic  patients,  and  in  them  only.  They  cultivated 
it,  and  found  that,  when  injected,  it  produced  pneumonia  and 
fibrinous  pleurisy  in  rabbits,  whilst  the  culture-fluid  alone  did 
not  do  so. 

Measles.  This  disease  has  been  given  by  inoculation  of  the 
healthy  with  the  blood  bf  the  sick.  Organisms  have  been  found 
in  the  breath,  in  the  blood,  and  in  the  skin,  lungs,  and  liver. 
They  are  large,  highly  refracting,  round  or  fusiform  bodies 
which  remain  unstained  by  carmine.^ 

Keating^  says  that  he  examined  two  series,  each  of  eight 
cases,  and  found  a  special  coccus  constantly  present  in  the 
papules ;  it  was  demonstrable  in  the  blood  in  severe  cases  only. 
Here  it  either  occupied  the  interior  of  leucocytes  or  performed 
swirling  movements  round  them.  The  prognosis  is  bad  if  cocci 
are  seen  in  the  blood. 

Vaccinia.  Cocci,  present  in  the  vaccine  vesicle,  have  been 
cultivated  by  Godlee  and  others:  but  vaccination  could  not  be 

1  Centralbl.  f.  med.  Wiss  ,  p.  721,  1883. 

"^  Braidwood  and  Vacher,  British  Medical  Journal,  vol.  i.  p.  77,  1882, 

8  Phil.  Med.  Times,  xii.,  No.  384,  1882. 
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effected  with  the  cultures.  Success  would  eliminate  the  possi- 
bility of  conveying  any  disease  other  than  vaccinia  by  the 
inoculation.  Quist^  states  that  he  has  vaccinated  successfully 
with  cultures.  He  says  that  both  cocci  and  bacilli  are  constantly 
present  in  the  vesicles,  and  that  the  latter  are  developed  from 
the  former.  They  are  purely  aerobious,  and  grow  in  serum 
diluted  with  water  containing  some  glycerine  to  prevent  evapo- 
ration. Atter  eight  to  ten  days,  superficial  flakes,  and  then  a 
precipitate,  of  cocci  form.  Vaccination  with  material  taken 
1-lJ  cm.  from  the  point  of  inoculation,  is  successful.  In  one 
case  the  cultivation  was  carried  through  three  generations. 

Cerebrospinal  Meningitis  (Epidemic).  Marchiafava  and  Celli^ 
found  cocci  constantly  in  the  exudation,  generally  as  diplococci; 
probably  smaller  than  gonorrhoeal  organisms.  They  are  not 
present  in  the  organs  generally,  but  are  found  in  groups  in  the 
pia  mater. 

Micrococci  have  been  described  also  in  Typhus^  (actively 
moving,  dumb-bell  cocci  in  blood  in  all  cases  [twelve],  and 
plugs  of  them  probably  in  lymphatics  in  each  of  six  hearts  ex- 
amined), Scarlatina,'^  Variola,^  Infective  Periostitis,  Endocarditis^ 
(not  only  ulcerative).  Acute  Yellow  Atrophy^  of  the  liver  (early 
stage),  Whooping-cough,^  and  Dysentery.^  Pasteur  has  proved 
that  a  fatal  disease  of  silkworms,  Pebrine,  is  due  to  the  action  of 
a  micrococcus  (M.  bombycis).  The  disease  is  hereditary,  and 
the  coccus  is  found  in  the  eggs. 

II.  Genus  Saecina. — A  micrococcus  which  divides  in  two 
diameters  at  right  angles  to  each  other,  is  often  found  in  vomit 
from  stomachs  dilated  from  pyloric  obstruction,  in  cases  of 
dyspepsia  from  chronic  catarrh  (Sarcina  ventriculi),  in  the 
bronchi  and  deeper  parts  of  the  lungs  in  chronic  inflammatory 
diseases,  and  in  the  urine  (S.  urinse);  it  has  been  seen  also  in 
abscesses  and   in    blood.     Single  cocci   may  be   seen,  but  the 

^  St.  Petersb.  med.  Wochenschr.,  No.  46,  1883. 

2  Gazz.  degli  Ospitali,  No.  8,  1884— quoted  from  Centralbl.  f.  klin.  Med. 

3  Mott,  British  Medical  Journ,  vol.  ii.  p.  1059,  1883. 

*  Pohl-Pincus,  Centralbl.  f.  med.  Wiss.,  1883,  p.  641. 
^  Weigert,  Anat.  Beitr.  z.  Lehre  v.  d.  Pocken,  1874. 

*  Koch,  Mitth.  a.  d.  k.  Gesundheitsamte,  1881. 

7  DreshfeM,  British  Medical  Journal,  1883,  vol.  ii.  p.  1057. 

*  Burger,  Berl.  klin.  Wochenschr.,  1883. 

9  Prior,  Centralbl.  f.  klin.  Med.,  No.  17,  1883. 
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majority  form  square  groups  of  four,  or  some  multiple  of  four 
(Fig.  150,  4).  S.  ventriculi  is  larger  than  S.  urinse.  or  than  the 
fungus  of  this  shape  occurring  in  the  lungs.  The  presence  of 
sarcina  in  the  stomach  does  not  cause  it  to  appear  in  the  urine 
or  elsewhere.  It  is  extremely  difficult  to  get  rid  of  the  fungus, 
when  once  established.  The  nature  of  the  decomposition  to 
which  it  gives  rise  is  unknown. 

Order  2:  Microbacteria.  One  genus — Bacterium  (the  name 
"bacteria"  has  unfortunately  been  applied  to  the  whole  class). 
The  tendency  now  is  to  limit  the  name  to  cylindrical  or  oval 
cells,  of  which  the  length  is  not  more  than  twice  the  breadth, 
which  multiply  by  transverse  division,  are  frequently  seen  in 
pairs  and  in  zoogloea-masses  with  much  intercellular  substance, 
but  never  in  long  chains.  In  cross-section  the  zooglcea-masses 
look  like  coccus-colonies,  but  rods  may  be  seen  at  the  edge. 
Spores  have  not  yet  been  demonstrated.  These  fungi  may  be 
actively  mobile  or  motionless. 

Pigment-forming.  B.  synxanthum  occurs  in  yellow  milk,  the 
coloring  matter  being  soluble  in  water;  B.  ceruginosum  in  green- 
ish-blue pus. 

Fermentative.  B.  termo  (Fig.  150,  5)  is  the  most  important 
species,  being  apparently  the  cause  of  putrefaction  (Cohn).  It 
is  cylindrical,  with  rounded  ends,  1  to  2  ^  long?  often  in  pairs, 
and  has  a  trembling  movement.  It  is  non-pathogenic,  being 
unable  to  exist  in  living  tissues;  part  of  its  action  is  due  to  the 
formation  of  unorganized  ferments;  its  products  closely  resem- 
ble those  of  pancreatic  digestion ;  many  of  them  are  fever-excit- 
ing, though  one,  sepsin  (Bergmann),  which  has  been  crystallized 
out,  has  been  given  special  prominence.  The  non-infective  dis- 
ease, septic  intoxication,  is  due  to  the  absorption  of  the  poisons 
formed  by  B.  termo. 

B.  lineola — like,  but  much  larger  than  B.  termo,  often  occur- 
ring with  it,  but  also  in  fluids  free  from  putrefaction. 

B,  lactis — the  cause  of  lactic  fermentation  of  milk  (Lister). 

Pathogenic.  A  motionless  bacterium  of  small  size,  lightly 
constricted  in  the  centre,  has  been  shown  by  Pasteur  to  be  the 
cause  of  the  disease  known  as  "chicken-cholera,"  though  no 
symptom  suggests  a  resemblance  to  cholera. 

Order  3:  Desmobacteria.  Rods  of  which  the  length  is  more 
than  twice  the  breadth,  and  generally  considerably  more,  so  that 
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these  fungi  are  slender.  They  multiply  by  transverse  division, 
and  often  grow  into  long,  jointed,  but  unbranched  filaments, 
not  constricted  at  the  joints.  Formation  of  spores  has  been 
detected  in  some  species.  Swarms  of  bacilli  are  common,  but 
they  are  rarely  embedded  in  zoogloea.  There  are  two  genera : 
Bacillus,  rods  straight ;    Vibrio,  rods  wavy. 

Pigment-forming. — B.  syncyanum  occurs  in  blue  milk. 

Fermentative. — B.  subtilis.  Found  in  hay-infusions  and  many 
other  organic  substances.  Very  delicate,  actively  moving  rods, 
having  a  cilium  attached  at  each  end.  When  nourishment  fails, 
they  become  motionless,  and  bright,  oval  spores  form  in  their 
interior.     It  is  an  aerobious  fungus. 

B.  butyricus.  The  cause  of  butyric  fermentation.  Rods  vary 
from  3  to  10  //  in  length ;  slender  at  first,  they  become  plumper, 
and  the  shorter  ones  appear  spindle-shaped ;  oval  spores  form  in 
their  interior.  The  rods  may  grow  into  long  or  short  chains, 
and  in  the  latter  condition  quite  lose  mobility.  Oxygen  kills 
the  bacillus  (Pasteur). 

Pathogenic. — Splenic  Fever.  The  B.  anthracis,  found  in  this 
disease  is  the  best  known  of  all  the  parasitic  fungi.  Its  life- 
history  was  worked  out  by  Koch.^  In  blood  from  the  spleen  of 
animals  dead  of  splenic  fever  are  found  enormous  numbers  of 
rods,  5  to  20  /^  long  by  about  1  h-  broad,  straight,  with  slightly 
concave  ends  and  motionless  (Fig.  150,  6).  In  a  suitable  culture- , 
material  (the  blood  of  the  dead  animal  is  one),  with  a  plentiful 
supply  of  oxygen,  and  a  temperature  between  15°  and  42°  (25° 
to  30°  being  most  favorable),  the  rods  grow  into  very  long  fila- 
ments (Fig.  150,  7);  in  these,  round,  highly  refracting  spores 
form  at  short  and  regular  distances ;  the  filaments  now  break 
up,  and  the  spores  are  set  free.  Under  favorable  circumstances 
these  grow  into  bacilli.  In  living  animals,  long  filaments  and 
spores  are  never  found';  the  rods  multiplying  solely  by  division. 
The  rods  exist  in  enormous  numbers  in  the  capillaries,  especially 
those  of  the  spleen,  lungs,  liver,  kidneys,  and  mucous  membrane 
of  the  intestine.  Numbers  leave  the  body  in  the  urine,  feces, 
and  blood  flowing  from  the  nose  and  mouth  of  the  animal  before 
it  dies;  thus  the  grass  is  covered  with  the  fungi.  In  bodies 
buried  at  a  depth  of  one  metre,  oxygen  and  a  suitable  tempera- 

^  Cohn's  Beitrage  z.  Biologie  d.  Pflanzen,  vol.  ii.,  and  Mitth.  a.  d.  kaiserl. 
Gesundheitsamte,  vol.  i. 
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ture  are  wauting,  so  no  development  of  spores  occurs,  and  the 
bacilli  soon  die.  Pasteur's  belief,  that  spores  do  develop  under 
these  circumstances  and  are  brought  to  the  surface  by  earth- 
worms, is  erroneous  (Koch).  As  to  the  mode  of  infection — 
Pasteur  says  that  the  mouths  of  animals  are  wounded  by  sili- 
ceous grasses,  and  the  cuts  inoculated  with  bacilli  or  spores,  a 
view  supported  by  the  frequent  swelling  of  the  cervical  glands 
in  sheep ;  but  these  animals  and  man  are  frequently  infected  by 
insects  which  bite  them  on  the  face.  Koch  thinks  the  intestine 
is  the  commonest  seat  of  infection;  Klein,  however,  records  a 
case  in  which  one  mouse  ate  most  of  another  which  had  died  of 
splenic  fever,  without  ill-results.  In  warm,  marshy  districts, 
the  bacilli  form  spores  plentifully ;  these  are  carried  by  floods  to 
meadows  where  anthrax  may  not  have  occurred  previously. 

In  man,  malignant  pustule  is  due  to  inoculation  with  B. 
anthracis;  in  this  country,  generally,  from  wool  or  hides  brought 
from  countries  where  the  disease  is  endemic.  Some  time  after 
the  appearance  of  the  pustule,  as  a  rule,  general  symptoms 
appear,  bronchitis  or  diarrhoea  being  common.  Davies-Colley  ^ 
found  numerous  bacilli  in  serum  pressed  from  an  excised  pus- 
tule, and  in  the  sputum,  urine,  feces,  and  sweat.  The  patient 
recovered ;  but  though  free  from  symptoms  he  was  still  elimi- 
nating in  his  urine  a  few  bacilli  a  month  after  excision  of  the 
pustule.  In  some  cases  there  is  no  superficial  lesion,  and  the 
symptoms  may  be  those  of  acute  septic  poisoning,  or  chiefly 
pulmonary  or  intestinal  (Woolsorter's  Disease).  Perhaps  the 
predominant  symptoms  indicate  through  which  mucous  mem- 
brane infection  took  place. 

B.  anthracis  is  constantly  present  in  splenic  fever,  and  ulti- 
mately in  enormous  numbers.  Blood  of  the  foetus  of  an  animal 
with  splenic  fever,  which  contains  no  organisms,  does  not  pro- 
duce the  disease ;  whilst  blood  containing  bacilli  capable  of 
development  or  spores,  always  does  in  suitable  animals.  The 
bacilli  may  be  separated  by  filtration,  and  washed  with  distilled 
water,  alcohol,  ether,  and  then  dried — they  still  cause  splenic 
fever.  Pure  cultivations  may  be  made  through  fifty  generations, 
with  the  same  result.  It  never  gives  rise  to  any  other  disease. 
If  this  is  not  proof  that  B.  anthracis  is  the  cause  of  splenic  fever, 

'  Path.  Soc.  Trans.,  1883,  p.  291. 
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the  belief  that  itch  is  due  to  acarus  scabiei,  or  that  trichinosis 
is  due  to  trichinae  must  also  be  regarded  as  ill-founded. 

Cholera.  The  etiology  of  cholera  has  been  attentively  studied 
since  the  recent  outbreak  in  Egypt,  especially  by  a  French 
Commission  under  Dr.  Straus,  and  a  German  Commission 
under  Dr.  R.  Koch.  The  former  arrived  at  no  definite  conclu- 
sion; but  Koch,  in  his  "  Sixth  Report,"  expresses  the  belief  that 
he  has  discovered  a  bacillus  which  is  constantly  present  in 
cholera,  and  which  occurs  in  cholera  only.  It  is  distinguished 
by  being  more  or  less  curved — comma-like  or  even  semicir- 
cular. It  is  actively  mobile.  When  cultivated,  the  bacilli  grow 
into  more  or  less  undulating  threads  of  which  the  terminal  cells 
retain  the  form  of  the  organisms  found  in  cholera. 

These  fungi  are  found  only  in  the  intestinal  contents  and 
evacuations;  when  found  in  vomit,  this  was  shown  by  its  alka- 
linity to  have  regurgitated  from  the  intestine.  It  is  constantly 
present  in  very  large  numbers  in  rice-water  stools,  but  only  in 
small  numbers  during  the  early  stage  whilst  the  dejecta  are  still 
fecal,  and  they  rapidly  disappear,  when  recovery  occurs,  as  the 
motions  assume  their  normal  character. 

The  German  Commission  believes  these  bacilli  to  be  the 
cause  of  the  disease,  but  it  seems  very  doubtful  whether  this  will 
be  at  all  generally  accepted.  Unfortunately,  all  attempts  to 
convey  the  disease  to  animals  have  failed — no  animal  has  ever 
been  known  to  suffer  from  cholera. 

Malaria.  Klebs  and  Tommasi-Crudeli  ^  examined  the  soil, 
water,  and  ground-air  of  malarial  districts  near  Rome.  They 
found  in  the  soil  very  numerous  mobile,  long-oval  spores  (0.95  ^  in 
greatest  diameter),  which,  on  cultivation  or  on  injection  into  an 
animal's  blood,  grow  into  rods,  60-84^  long  by  0.6  ^  wide,  homo- 
geneous at  first,  but  later  dividing  transversely.  Spores  form 
in  the  sections  at  first  parietal,  afterward  filling  the  whole  in- 
terior. They  are  aerobious,  and  grow  in  albumen  and  fluids  of 
the  body,  but  not  in  water.  Stagnant  water  of  the  district  did 
not  contain  them.  The  air  did,  except  during  the  seasons  when 
malaria  was  not  prevalent;  then  they  are  found  in  the  soil  only. 

Culture-fluid,  of  which  the  filtrates  had  but  slight  effect,  ex- 
cited in  animals  typical,  regular  intermittent  fever  with  swelling 

1  Arch.  f.  Exp.  Path.,  vol.  xi.  p.  122 
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of  the  spleen,  and,  in  severe  cases,  deposit  of  black  pigment  in 
it.  Developmental  forms  of  the  bacilli  were  found  in  the  spleen, 
marrow,  lymph,  and  blood. 

Marchiafava,^  a  little  later,  found  the  same  spore-bearing 
bacilli  in  the  spleen,  marrow,  blood,  and  lymph,  of  patients 
dead  of  "perniciosa;"  and  showed  that  they  were  frequently, 
but  not  invariably,  present  in  the  blood  of  patients  during  the 
cold  stage  of  a  fit;  in  the  hot  stage  no  bacilli  were  present,  but 
the  spores  above  mentioned  were  there  in  large  numbers. 
Quinine  caused  the  disappearance  of  these  bodies.  Injection  of 
blood  into  the  trachea  and  peritoneum  of  dogs  failed  to  produce 
the  disease.     JSTo  organisms  were  present  in  the  remission-stage. 

In  the  blood  of  a  traveller  recently  returned  from  Africa,  Dr. 
McMunn  found  typical  B.  malarise  during  the  cold  stage.^ 

Sternberg^  failed  to  isolate  the  bacillus,  and  thinks  that  Klebs 
produced  a  septicsemia,  not  an  intermittent  fever.  He  thinks 
malaria  may  be  due  to  an  organism,  but  that  it  has  not  been 
found. 

Typhoid.  Klebs  first  described  microorganisms  in  this  dis- 
ease.* He  and  his  assistants  found  them  without  exception  in 
twenty-four  cases  of  typhoid — constantly  in  the  bowel  and 
frequently  in  mesenteric  glands,  kidneys,  spleen,  heart,  laryn- 
geal cartilages,  in  patches  of  lobular  pneumonia,  and  in  the  pia 
mater  (one  case  with  severe  cerebral  symptoms).  The  organism 
was  a  short  rod  which  grew  into  long,  narrow,  unbranched  fila- 
ments, of  which  the  diameter  increased  as  spore-formation  took 
place.  Klebs  cultivated  the  organism  on  gelatine,  but  it  is  un- 
certain whether  his  cultures  were  pure.  He  also  inoculated 
rabbits  from  the  cultures,  and  in  one  case  some  swelling  of 
Peyer's  patches  was  found  post-mortem. 

A  few  months  later,  Eberth^  described  bacilli  with  rounded 
ends,  as  existing  in  the  intestinal  lesions,  mesenteric  glands,  and 
spleen.  He  said  that  they  stained  badly  with  aniline  dyes,  and 
worked  with  unstained  specimens  clarified  by  an  alkali.  He 
was  thus  able  to  discover  the  bacilli  in  eighteen  out  of  forty 

1  Arch.  f.  Exp.  Path.,  vol.  xiii. 

2  British  Medical  Journal,  vol.  ii.  p.  935,  1881. 

3  Nat.  Board  of  Health  Bull.,  Washington,  1881. 
♦  Arch.  f.  Exp.  Path.,  vol.  xii.  p.  231. 

^  Viroh.  Arch.,  vol.  Ixxx.  [).  58,  and  vol.  Ixxxiii.  p.  48C. 
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cases.  He  believed  them  to  be  the  same  as  Klebs  described, 
but  regarded  the  filaments  of  which  the  latter  author  spoke  as 
secondary.  Eberth  stated  that  the  number  of  bacilli  diminished 
with  the  duration  of  the  case. 

Koch^  had  already  photographed  similar  bacilli  at  the  time 
Eberth  published.  He  found  that  they  stained  well  with 
Bismarck-brown,  and  had  demonstrated  their  presence  in  half 
the  cases  examined  by  him. 

W.  Meyer^  took  for  examination  only  recently  swollen  patches 
and  follicles.  He  failed  to  stain  the  bacilli,  but  found  them  in 
sixteen  out  of  twenty  cases. 

All  the  above  observers  made  control-observations  on  other 
cases,  such  as  tubercular  ulceration  of  the  intestine;  but  they 
never  found  the  typhoid  bacillus  in  diseases  other  than  typhoid. 
They  sometimes  found  cocci  in  the  intestine  and  glands,  but 
regarded  them  as  secondary;  but  by  others,  as  Letzerich,^  they 
have  been  considered  as  the  organism  of  the  disease. 

Maragliano*  examined  blood  from  the  finger  and  spleen 
(during  life)  of  fifteen  typhoid  patients.  During  the  height  of 
the  disease  the  former  contained  single  and  aggregated  micro- 
organisms, almost  all  spherical,  some  mobile;  in  the  latter, 
besides  similar  bodies,  bacilli,  like  those  of  Klebs  and  Eberth, 
occurred  in  small  number.  All  disappeared  in  convalescence. 
Cultivation  of  blood  from  either  finger  or  spleen  yielded  small 
rods  like  those  found  in  fresh  blood,  and  others  much  longer, 
like  those  described  by  Klebs. 

Brautlecht^  has  often  found  a  bacillus  in  epidemics  in  Bruns- 
wick, and  has  traced  it  to  the  drinking-water;  it  forms  spores 
when  cultivated.  Both  bacilli  and  spores  abound  in  the  urine 
of  typhoid  patients.  Subcutaneous  injection  of  the  cultivations 
in  rabbits  was  followed  by  high  fever,  inflammation  of  Beyer's 
patches,  swelling  of  the  mesenteric  glands,  and  other  signs  of 
typhoid.  The  organism  described  by  Brautlecht  is  not  the 
same  as  that  of  Eberth  and  Koch,  being  smaller. 

Coats"  and  Crooke^  have  each  found  the  bacilli  of  Eberth  and 
Koch  in  mesenteric  glands. 

^  Mitth.  a.  d.  k.  Gesundheitsamte,  vol.  i.,  1881. 

'  Unters.  ii.  d.  Bacilli  d.  Abdominal  typhus,  Inaug.  Diss.,  Berlin,  1881. 

»  Arch.  f.  Exp.  Path.,  vol.  ix.  *  Centralb.  f.  med.  Wiss.,  p.  725,  1882. 

^  Virch.  Arch.,  vol.  Ixxxiv.  p.  80. 

*  British  Medical  Journal,  March  18  and  July  1,  1882. 
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A  very  important  paper  by  Gaffky,  one  of  Koch's  assistants, 
has  just  appeared.^  He  starts  with  the  observation  that  the 
bacilli  have  been  found  in  only  half  the  cases  examined.  They 
must,  therefore,  have  either  disappeared  before  the  disease 
which  they  caused  had  run  its  course,  or  they  were  present  but 
not  found.  The  latter  seemed  probable,  as  they  had  been 
demonstrated  late  in  some  cases,  and  missed  at  early  stages  in 
others.  He  points  out  that  in  typhoid  the  bacilli  are  not 
scattered  everywhere,  but  are  always  in  foci,  and  therefore  more 
difficult  to  find;  and  that  but  little  of  an  organ  has  been  ex- 
amined, even  after  one  hundred  sections  have  been  carefully 
looked  through. 

Gaffky  himself  investigated  twenty-eight  cases,  and  in  twenty- 
six  demonstrated  the  presence  of  bacilli  in  parts  other  than  the 
intestine — such  as  the  mesenteric  glands,  spleen,  liver,  kidney. 
In  the  other  two  cases,  the  bacilli  were  found  in  a  recently 
swollen  solitary  follicle  of  one;  and  the  other  died  at  the  end 
of  the  fourth  week  of  perforative  peritonitis,  and  the  intestines 
showed  only  healing  ulcers. 

In  one  case,  which  Gaffky  does  not  include  in  his  list, 
although  it  had  been  diagnosticated  as  typhoid,  both  'during  life 
and  post-mortem,  immense  numbers  of  cocci  were  found  in  the 
organs,  and  it  was  impossible  to  distinguish  the  typhoid  bacilli. 
Gaffky  throws  out  the  suggestion  that  there  may  be  a  disease 
clinically  like  typhoid  due  to  invasion  of  the  intestine  by  cocci. 

The  bacilli  were  more  numerous  the  earlier  the  case.  If 
many  are  found  in  old  cases,  it  is  probable  that  a  relapse  has 
occurred. 

The  process  employed  to  demonstrate  the  bacilli  was  to 
harden  pieces  of  fresh  organs  in  alcohol,  and  to  place  sections 
cut  from  them  in  methylene-blue  for  twenty-four  hours.  The 
solution  is  made  by  adding  a  saturated  alcoholic  solution  of  the 
blue  to  water  until  the  latter  cannot  be  seen  through.  The 
sections  are  clarified,  and  mounted  in  the  ordinary  way.  Blue 
sections  lose  their  color  rather  quickly;  those  stained  with 
Bismarck-brown  are  better  for  preservation.  It  is  most  im- 
portant that  the  organs  should  be  fresh,  for  the  bacilli  are  diffi- 
cult to  distinguish  in  sections  from  putrefactive  organisms. 

1  Mitt.  a.  d.  k.  Gesundheitsamte,  vol.  ii.  p.  372,  1884. 
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The  bacilli  are  thus  described  (Fig.  150,  8).  They  are  three 
times  as  long  as  broad,  and  their  length  equals  one-third  the 
diameter  of  a  red  blood-corpuscle.  Their  ends  are  distinctly 
rounded.  Spores  are  not  uncommonly  seen — round,  reaching 
right  across  the  breadth  of  the  rods,  and  lying  at  their  ends. 
The  typhoid  bacilli  are  more  or  less  actively  mobile.  They  do 
not  stain  so  intensely  as  other  forms,  and  sometimes  they  do  not 
stain  uniformly ;  round  spots  not  extending  across  the  rods,  and 
therefore  not  spores,  being  left  pale.  The  typhoid  bacilli  do 
not  stain  like  tubercle-bacilli  (p.  469). 

Thirteen  cultures  were  made  from  spleens,  and  eleven  were 
pure  from  the  first ;  peptonized  meat-broth  stiffened  with  gela- 
tine being  the  soil  used.  It  was  spread  in  thin  layers  upon 
slides,  and  these  were  inoculated  in  streaks  and  kept  moist 
under  a  glass  bell.  In  twenty-four  hours  increasing  cloudiness 
could  be  seen  confined  to  the  lines,  and  not  causing  liquefaction  of 
the  soil :  it  was  due  to  round,  slightly  granular,  yellow-brown 
colonies.  A  little  mixed  with  sterilized  water  and  examined 
with  J5-  oil-immersion  (Zeiss)  showed  the  colonies  to  consist  of 
one  form  of  bacillus  only;  like,  but  rather  larger,  than  that  in 
the  spleen  whence  culture  was  started.  They  were  3  or  4  times 
as  long  as  wide ;  apparently  the  soil  suited  them  better,  so  they 
grew  more  strongly,  as  they  did  also  on  potatoes;  whilst  in 
blood-serum  they  remained  of  the  same  size  as  in  the  body. 
Spores  form  at  the  ends  of  the  rods  in  3  or  4  days  at  30°-40°  C, 
more  slowly  at  20°  C,  and  not  at  all  below  this  point.  In 
smaller  number  than  the  rods  jointed  threads  also  formed.  The 
cultures  reached  their  height  in  from  4  to  8  days,  and  then  re- 
mained stationary.  The  mode  of  growth  in  both  gelatine  and 
potato  was  characteristic.  Cultivation  was  continued  on  the 
gelatine  in  ten  cases  for  more  than  a  year  without  any  change 
occurring  in  the  organism. 

In  two  cases  putrefaction  had  begun  in  the  spleens  used,  and 
other  organisms,  cocci  and  bacilli,  liquefying  the  gelatine,  also 
grew;  but  in  this  solid  culture-ground  it  was  so  easy  to  select 
typhoid  bacillus-colonies  that  the  second  culture  was  quite 
pure. 

In  one  case  in  which  a  culture  from  a  spleen  succeeded,  no 
bacilli  were  found  in  cover-glass  specimens,  nor  in  sections  until 
over  one  hundred  had  been  examined.     The  method  of  culture 
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would,  seem  to  be  the  most  delicate  for  the  detection  of  the 
organisms. 

A  culture  from  the  liver  was  tried  in  one  case  and  succeeded. 

Many  animals  of  different  kinds  were  inoculated,  but  unsuc- 
cessfully. It  is  very  doubtful  if  any  animal  suffers  from  the 
typhoid  fever  of  man.  In  spite  of  this  gap  in  the  chain  of  evi- 
dence, all  the  observers  quoted  believe  that  this  bacillus  is  the 
cause  of  typhoid ;  and  we  may  now  say  it  is  constantly  present 
in  typhoid,  is  recognizable  from  all  known  bacilli  by  the  various 
characteristics  given  above,  and  is  not  found  in  any  other  dis- 
ease. Gaft'ky  believes  that  infection  occurs  always  through  the 
mucous  membrane  of  the  intestine  ;  even  when  the  poison  seems 
to  have  been  inhaled  as  dust,  he  thinks  it  sticks  on  the  pharynx, 
is  swallowed,  passes  through  the  stomach,  and  thus  reaches  the 
bowel. 

At  the  International  Medical  Congress  in  1881,  Bouchard 
stated  that  he  had  found  bacilli  in  the  tubules  and  in  intertubu- 
lar  tissue  in  cases  of  tubal  nephritis  occurring  during  typhoid. 
They  have  been  described  by  other  observers  as  occurring  in 
the  urine. 

Septiecemia  of  Mice.  Koch^  injected  putrid  fluids  subcutane- 
ously  in  mice  in  quantity  too  small  to  cause  septic  intoxication. 
A  peculiar  disease,  without  abscess  formation,  occurred  in  some 
individuals,  and  was  transmissible  with  certainty  to  others  by 
inoculation  of  a  very  small  quantity  of  blood.  Extremely  small 
bacilli,  chiefly  in  leucocytes,  were  shown  to  be  the  cause  of  the 
disease.  One  attack  confers  immunity.  It  is  not  inoculable 
upon  field-mice  or  rabbits. 

Malignant  (Edema.  A  spreading  oedema  ending  fatally  may 
be  produced  by  inoculation  of  mice,  guinea-pigs,  or  rabbits,  with 
garden-mould.  One  form  of  fungus  develops,  and  the  oedema 
fluid  containing  it  is  easily  inoculable. 

There  are  two  species  of  the  genus  Vibro —  V.  rugula  and  V. 
serpens;  they  occur  in  putrefying  fluids,  and  are  not  pathogenic. 

The  bacilli  of  tubercle,  leprosy,  and  glanders  have  already 
been  described. 

Order  4:  Spirobactbria.  These  differ  from  Vibrio  in 
making  more  screw-like  and  closer  turns;  river-water  is  their 

»  Tnium.  Infect.  Dis.,  p.  33.  \ 
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favorite  habitat  (Cohii).  There  are  two  genera — ISplroehmta, 
flexible  with  wide  thread;  Spirillum,  stiff  with  narrow  thread. 

Relapsing  Fever.  The  Spirochceta  Obermeie7i(F\g.  150, 10)  often 
called  spirillum,  is  found  in  the  blood  in  this  disease.  It  is 
16-40  fi  long,  and  makes  quick  undulating  movements.  The 
organisms  are  generally  said  to  appear  in  the  blood  soon  after 
the  commencement  of  an  attack,  and  to  disappear  with  remark- 
able speed  after  the  crisis.  Spitz,  however,  states^  that  by  care- 
ful examination  he  found  spirochsetse  in  the  blood  2-4  hours 
before  and  after  an  attack.  Nothing  is  seen  of  them  till  the 
relapse,  when  they  return.  The  disease  has  been  inoculated 
from  man  on  man,  and  from  man  on  apes  (Carter,  Koch). 
Koch  cultivated  the  Spirochaeta  Obermeirei;  it  grew  into  long 
threads. 

Albrecht^  took  blood  from  patients  after  an  attack  of  recur- 
rent fever,  kept  it  in  a  moist  chamber,  and  examined  it  fre- 
quently. In  the  first  day  of  the  remission  he  found  (1000  diam.) 
extremely  small  movable  bodies;  later  these  were  succeeded  by 
slender  rods,  each  bearing  a  spore  at  one  end  or  in  the  middle; 
and  finally,  active  spirochsetse  appeared  after  the  relapse  had 
begun  in  the  patient  from  whom  the  blood  was  taken. 

A  spirochseta  is  often  found  in  carious  teeth. 

The  Spirilla — tenue,  undida,  and  volutans — are  not  pathogenic. 

The  Blastomycetes  or  Yeasts. 

These  are  small  round  or  oval  cells,  which  multiply  by  gem- 
mation. Sometimes  the  cells  cohere  and  form  branching  chains. 
When  food  is  not  abundant,  as  when  culvivated  in  potato,  tur- 
nip, etc.,  one  to  four  spores  may  form  in  the  interior  of  the 
yeast  cells;  these  develop  when  placed  in  fermentable  fluids. 
Under  the  same  conditions  unjointed  mycelium  may  be  pro- 
duced. These  facts,  taken  with  the  knowledge  that  some  higher 
fungi  (<?.^.,  Mucor  mucedo)  under  certain  circumstances  grow 
as  yeasts  ordinarily  do,  by  gemmation,  make  it  possible  that 
yeasts  are  really  vegetative  forms  of  higher  fungi. 

Yeasts  are  of  importance  only  as  causes  of  fermentation. 
They  never  invade   living   tissues.     They  are  not  rare  in  the 

1  Diss.,  Breslau,  1879. 

2  Petersburg,  med.  Wochenschr.,  1880,  No.  1. 
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stomach,  either  alone  or  in  company  with  sarcina.     They  are 
frequently  found  in  diabetic  urine,  but  not  when  it  is  passed. 

Thrush.  In  this  disease,  tolerably  adherent  gray  or  milky 
patches  form  in  the  mouth,  pharynx,  and  gullet,  either  of  chil- 
dren at  the  breast  or  of  adults  exhausted  by  disease  (typhoid, 
phthisis).  These  patches  are  due  to  the  growth  of  the  Oidium 
albicans,  a  parasite  which  was  regarded  as  a  mould;  but  Grawitz 
states  that,  when  cultivated,  this  fungus  shows  itself  to  be  a 
yeast,  and  probably  the  Mycoderma  vini,  which  he  has  proved 
capable  of  growing  on  mucous  membranes.  The  patches  con- 
sist of  tortuous,  often  branched  filaments,  formed  of  long  cells 
united  end  to  end,  and  distinctly  constricted  where  they  join. 
The  filaments  end  in  roundish  cells,  which  produce  one  or  more 
spores;  these  form  heaps  in  the  epithelium.' 

The  Hyphomycetes  or  Moulds. 

These  consist  of  filaments  (Hyphoe)  formed  by  a  single  row  of 
cells  placed  end  to  end,  growing  by  means  of  an  apical  cell 
which  elongates  and  divides  transversely.  Lateral  oftshoots 
are  common,  but  dichotomous  branching  is  rare.  The  thallus 
may  consist  of  a  single  hypha;  usually  the  hyphse  are  numerous, 
and  intercross  loosely  or  closely.  All  spring  from  an  axis  or 
germinal  tube  which  grows  directly  from  a  germinating  spore. 
Compared  with  that  of  bacteria  (p.  425),  their  growth  is  ex- 
tremely slow. 

In  the  adult  plant  the  hyphee  are  of  two  kinds — nutritive, 
which  grow  into  and  extract  nourishment  from  the  culture-soil, 
forming  in  it  by  their  interlacement  the  m.yceliiuii;  and  the 
reproductive,  which  spring  from  the  mycelium,  and  stand  up  from 
the  substance  in  which  the  mycelium  lies.  These  are  called 
fruit-hyphse;  they  are  simple  or  branched,  and  bear  at  their 
ends  spores  or  sexual  organs.  Reproduction  is  either  asexual 
or  sexual ;  the  two  methods  may  occur  together  on  the  same 
plant,  or  may  alternate  regularly  or  irregularly.  Spores  are 
formed  by  each — round,  oval,  or  cylindrical,  smooth  or  irregular, 
colored  or  colorless;  most  are  motionless,  but  some  "swarm." 
Each  consists  of  a  little  mass  of  protoplasm,  surrounded  by  an 

1  Virch.  Arch.,  vol.  Ixx. 
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envelope,  which  is  made  up  of  an  outer  (exosporiuni)  and  an 
inner  (endosporium)  layer;  the  exosporium  is  often  pigmented. 
All  spores  have  great  power  of  resisting  the  action  of  physical 
and  chemical  agencies,  and  retain  life  for  long  periods;  those 
formed  asexually  are  ready  at  once  to  germinate,  but  those  due 
to  a  sexual  process  almost  always  require  a  rest.  The  latter  are 
the  true  resting-spores ;  but  this  name  is  often  applied  to  all 
spores  capable  of  retaining  life  for  long  periods  in  spite  of 
adverse  conditions. 

To  understand  the  above  and  what  follows,  the  student  should 
examine  a  few  moulds  from  the  surface  of  thin  jam,  paste, 
decaying  fruit,  or  the  surface  of  a  slice  of  potato  which  has  been 
exposed  for  an  hour  or  two  in  a  dwelling-room.  In  all,  the 
aerial  portion  is  easily  studied,  and  the  mycelium  is  readily 
shown  by  crushing  a  bit  of  the  culture-ground  under  a  cover- 
glass. 

Asexual  spore  formation  occurs  in  three  ways : 

1.  Hyphse  spring  from  the  mycelium,  and  perhaps  branch. 
The  terminal  cells  divide  transversely  into  spores  (conidia),  which 
either  fall  away  singly  or  form  chains. 

2.  A  hypha  (sporangiophore)  stands  up  from  the  mycelium,  and 
its  end  swells  into  a  ball  full  of  protoplasm,  which  segments  and 
forms  conidia  (sporangium). 

3.  From  the  surface  of  a  knob  on  the  end  of  a  hypha  {conidio- 
phore),  peg-like  processes  (sterigmata)  sprout;  each  sterigma,  by 
growth  and  transverse  division,  forms  a  chain  of  spores. 

Sexual  reproduction  occurs  in  three  ways : 

1.  Conjugation. — The  apical  cells  of  two  hyphse  meet  end  to 
end,  and  blend  into  one  cell  {zygospore).  From  this,  after  a 
longer  or  shorter  rest,  a  sporangiophore  sprouts,  and  from  its 
spores  new  plants  grow.     (Any  of  the  Mucorini.) 

2.  Fertilization. — {a)  The  end  of  a  hypha  becomes  twisted 
like  a  corkscrew,  more  and  more  closely,  until  its  turns  form  a 
continuous  tube — the  ascogonium.  From  its  lower  turns  spring 
fine  branches,  one  of  which  (antheridmm)  conjugates  by  its  apex 
with  the  ascogonium;  the  others  simply  cover  the  ascogonium 
continuously,  and  are  converted  by  division  into  polygonal 
cells,  which  form  a  capsule  [perithecium)  round  it.  Many  trans- 
verse septa  form  in  the  tube  of  the  ascogonium,  and  from  the 
cells  thus  produced  flask-shaped  lateral  projections  (asci)  develop; 
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in  each  of  these  eight  spores  generally  appear.  The  perithecinm 
thins  greatly  as  the  asci  enlarge,  the  walls  of  the  asci  disappear, 
and  an  easily  ruptured  sphere  of  spores  remains.  When  these 
germinate  the  endospore  swells,  splits  the  exospore,  and  puts 
out  the  germinal  tube,  whence  springs  the  mycelium.  This 
again  gives  origin  first  to  conidiophores,  then  to  perithecia. 
Eurotium  repens,  and  aspergillus  glaucus,  found  especially  on 
preserved  fruit,  show  these  changes.^ 

(6)  In  some  species  certain  cells  form  an  organ — oogonium — 
in  which  female  reproductive  bodies — oospheres — one  or  more, 
are  formed;  whilst  other  cells  form  a  male  organ — antheridium 
— in  which  spermatozoids  are  produced.  The  oosphere,  which  is 
hundreds  of  times  larger  than  the  spermatozoids,  remains  in  the 
oogonium,  and  is  there  fertilized  by  the  mobile  spermatozoids. 
It  is  now  called  an  oospore,  and  may,  after  a  rest,  develop  directly 
into  a  new  plant,  or  form  cells,  each  of  which  does  so.^ 

Conditions  of  Life. — Food.  Possessed  of  no  chlorophyll, 
moulds  are  unable  to  build  up  carbon  compounds;  they  assimi- 
late those  built  up  by  other  plants  or  animals.  They  are  there- 
fore always  either  saprophytes  or  parasites;  in  the  latter  case 
they  may  kill  their  host.  They  require  a  free  supply  of  oxygen ; 
but  some  can  obtain  it,  at  least  for  a  time,  by  decomposition  of 
organic  compounds  like  sugar.  Thus,  Mucor  racemosus,  cul- 
tivated on  the  surface  of  a  saccharine  liquid,  absorbs  oxygen, 
oxidizes  completely  some  of  the  sugar,  exhales  carbonic  acid, 
and  grows  rapidly.  If  deprived  of  oxygen,  as  by  immersion, 
only  the  mycelium  grows,  and  this  becomes  broken  up  into 
short  cells,  which  multiply  by  budding,  and  much  resemble 
yeast-cells.  The  growth  is  much  slower,  carbonic  acid  escapes 
in  bubbles,  and  alcohol  appears  in  the  liquid.  But  soon  all 
stops,  and  the  process  can  be  started  again  only  by  a  fresh  supply 
of  oxygen.^  Some  moulds,  as  Penicillium  glaucura,  Aspergillus 
niger,  have  no  power  of  thus  obtaining  oxygen,  and  die  if  cut 
ofl'  from  the  free  gas.  The  change  in  the  character  of  growth 
above  mentioned,  accompanying  change  in  conditions  of  life, 
is  often  pointed  to  as  evidence  in  favor  of  the  mutability  of 
bacteria. 

1  Sachs,  Texl-book  of  Botany,  p.  267.  '•'  Ibid.,  p.  212. 

3  Diiclaux,  p.  54. 
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Light.  Many  moulds  can  develop  completely  without  it:  some 
require  it  for  the  discharge  of  spores  and  other  processes. 

Temperature.  Ziegler  states  that  moulds  flourish  best  at  tem- 
peratures below  that  of  the  body  (37.5°),  and  that  some  will  not 
grow  at  this  point.  A  few  species  of  Aspergillus  and  Mucor 
grow  well  between  35°  and  40°.  The  spores  are  as  resistant  to 
external  agencies  as  are  those  of  bacteria. 

Water  is  essential,  but  mere  dampness  is  sufficient. 

Action.  Moulds  are  associated  with  processes  of  rotting  or 
decay.  The  peculiar  smell  and  taste  which  they  impart  are 
known  to  all.  The  products  of  their  life-action  have  not  been 
closely  investigated;  but  they  are  neither  very  poisonous  nor 
irritant  to  man. 

Distribution.  The  spores  of  moulds  are  much  more  numerous 
in  the  air  than  are  other  organisms.  They,  therefore,  constantly 
fall  upon  the  skin  and  enter  the  air-passages  with  air,  and  the 
food-passages  with  food.  As  a  rule,  they  find  no  nidus  suitable 
for  their  development;  the  supply  of  free  oxygen  is  often  insuf- 
ficient, and  the  temperature  too  high.  Certain  of  them,  how- 
ever, when  brought  into  contact  with  accumulated  inflamma- 
tory discharges,  or  with  sloughs,  take  root  and  fructify.  This 
is  most  likely  to  occur  in  the  respiratory  tract,  and  the  ali- 
mentary tract  above  the  gullet.  They  are  here  saprophytes, 
but  the  products  to  which  they  give  rise  may  irritate  the  living 
tissues  lying  beneath  the  soil  in  which  they  grow.  Species  of 
Mucor  and  Aspergillus  are  those  commonly  found. 

Pathogenic  Moulds. — Owing  to  the  peculiarities  mentioned 
in  their  life-history,  these  fungi  have  but  little  power  of  invading 
living  tissues.  Certain  skin  diseases  are,  however,  due  to  the 
growth  of  species  of  this  class  in  epidermic  structures;  they  are : 
Favus;  tinea  tonsurans,  kerion,  circinata,  sycosis,  and  unguium ; 
and  tinea  versicolor.  Two  diseases,  actinomycosis  and  the 
Madura  foot  of  India,  have  been  attributed  to  penetration  of 
the  deeper  tissues  by  hyphomycetous  fungi. 

Favus.  The  Achorion  Schonleinii  forms  almost  wholly  the 
light,  yellow,  mouldy-smelling  crusts  characteristic  of  Favus. 
When  in  hairy  parts,  which  are  the  usual  seats,  the  hairs  are 
always  invaded,  especially  the  roots.  Here,  the  parasite  grows 
luxuriantly,  but  it  does  not  extend  far  up  the  shaft;  its  primary 
seat  is  the  epithelium  of  the  hair-follicle.     On  non-hairy^ parts 
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the  mycelium  invades  the  deeper  layers  of  the  epidermis.  The 
mycelium  consists  of  unjointed,  branching,  confusedly  inter- 
crossing tubes;  in  certain  of  them,  which  become  divided  into 
joints,  oval  spores  form. 

The  nails  are  very  rarely  affected,  and  chiefly  by  mycelium. 

The  Trichophyton  tonsurans  is  the  cause  of  tinea  tonsurans, 
tinea  kerion,  tinea  circinata,  tinea  sycosis,  and  tinea  unguium. 

In  Tinea  tonsurans  the  hair  is  chiefly  affected ;  the  root  and 
the  lower  part  of  the  shaft  are  crammed  with  spores  which  lie 
in  rows  between  the  fibrils  of  the  hair.  The  weakened  hair 
breaks  beyond  the  scalp,  leaving  a  stubbly  line  of  fracture. 
Epidermic  scales  from  the  surface  may  contain  fungus,  but  the 
deeper  living  cells  of  the  root-sheath  never.  (Thin  and  Taylor.) 
Spores  are  abundant,  and  oval  in  shape;  mycelial  threads  are 
rare.  Points  worth  remembering  in  relation  with  the  un- 
doubted fungoid  origin  of  the  disease,  are  its  occurrence  in 
children  only  (speaking  broadly),  the  predisposition  to  it  shown 
by  some,  its  great  contagiousness  when  acute,  diminishing  as  it 
becomes  chronic,  and  its  more  severe  course  when  contracted 
from  animals,  as  the  horse.  It  may  excite  severe  irritation  and 
even  suppuration — T.  kerion. 

Tinea,  circinata.  Here  the  parasite  infests  epidermic  cells, 
always  causing  desquamation,  sometimes  vesiculation,  or  even 
more  severe  inflammation.  Mycelium  chiefly  is  present  in  the 
form  of  very  long,  jointed  and  branched  threads;  the  spores  are 
scanty,  single,  or  in  short  chains.  The  fungus  altogether  is 
often  scanty,  and  is  especially  difficult  to  detect  if  it  has  excited 
inflammation. 

Tinea  sycosis.  When  attacking  the  beard  the  fungus  is  found 
chiefly  in  the  hair,  but  also  in  the  follicle;  both  mycelium  and 
spores  are  seen,  the  latter  in  excess,  but  not  so  markedly  as  in 
T.  tonsurans.  The  mycelium  generally  lies  round  the  root  of 
the  hair,  and  is  pulled  out  of  the  sheath  with  it.  Severe  inflam- 
mation is  generally  excited. 

Tinea  unguium.  Mycelial  threads  of  trichophyton  may  occa- 
sionally invade  a  finger-nail,  rendering  it  opaque,  thick,  and 
brittle.  Unlike  a  general  condition,  the  fungus  produces  these 
changes  in  one  to  three  nails  only,  and  the  toe-nails  are  scarcely 
ever  affected.    In  this  situation  it  is  extremely  diflicult  to  destroy. 
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Chloasma,  Pityriasis  versicolor  Microsporon  furfur  invades  the 
horny  layer  of  the  epidermis  of  covered  parts  of  the  trunk, 
growing  more  superficially  than  any  of  the  above,  rarely  causing 
irritation,  and  not  attacking  nails  or  hair.  It  consists  of  jointed 
mycelial  threads  which  are  always  abundant;  and  spores,  which 
vary  much  in  form,  and  grow  at  the  ends  of  the  mj'celial  threads. 

Actinomycosis.  The  ray-fungus  {actinomyces)  is  believed  to  be 
the  cause  of  this  disease.  It  has  been  described  at  p.  293.  Its 
botanical  position  is  doubtful. 

Madura  Foot.  In  certain  parts  of  India  the  feet  of  natives, 
only,  swell;  tubercles  form  beneath  the  skin,  burst,  and  leave 
sinuses  from  which  bodies  like  those  constituting  the  roe  of  a 
fish  are  discharged,  or,  more  rarely,  bodies  like  grains  of  gun- 
powder. In  the  former,  fungi  have  never  been  found;  but  in 
the  latter,  after  soaking  for  some  days  in  potash,  fungous  ele- 
ments have  been  recognized,  and  called  Chionyphe  Carteri.  These 
are  believed  by  some  (V.  Carter)  to  be  the  cause  of  both  classes 
of  the  disease.  Cunningham  and  Lewis  do  not  hold  this  view 
(Quain's  Dictionary).  On  section,  masses  of  the  above  bodies 
are  seen,  especially  in  the  fatty  layer ;  the  masses  may  have  no 
obvious  communication  with  each  other,  or  with  the  surface. 
The  botanical  position  of  the  fungi  found  is  doubtful. 


Methods  of  Demonstrating  the  Presence  of 
Pathogenic    Microorganisms. 

These  vary  according  as  they  are  used  for  the  investigation  of 
{a)  fluids  or  (h)  tissues. 

{a)  Microorganisms  in  Fluids. — 1.  Simple  microscopic  ex- 
amination may  be  sufficient  to  reveal  organisms  of  distinctive 
form  or  possessing  marked  powers  of  locomotion.  No  prepara- 
tion will  be  necessary  beyond  mounting  a  thin  layer  of  blood  or 
other  fluid. 

2.  Recklinghausen  pointed  out  the  resisting  power  of  many 
of  these  organisms  to  alkalies  and  dilute  acids :  solutions  of 
these  were  formerly  used  to  clear  away  fatty  and  albuminoid 
particles,  but  nowadays  they  are  employed  only  as  a  part  of 
complex  staining  processes. 
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3.  Staining.  This  is  by  far  the  most  important  method,  and 
it  is  to  Weigert  that  we  owe  the  introduction  of  the  reagents — 
the  aniline  dyes.  Logwood  stains  many  fungi  well,  but  it  has 
no  preference  for  them  over  animal  tissues,  so  it  does  not  cause 
them  to  stand  out.  The  aniline  dyes  most  often  used  are 
gentian-violet,  methyl-violet,  and  methylene-blue,  or  Bismarck- 
brown  for  photography  ;  watery  solutions  are  employed,  from 
one-half  to  five  per  cent.  Cover-glasses  and  slides  should  be 
cleaned  in  very  dilute  nitric  acid  and  kept  in  alcohol ;  before 
use  they  should  be  heated  in  a  spirit-flame  whilst  held  in  forceps. 
Take  two  cover-glasses  which  have  just  cooled,  place  a  small 
drop  of  the  fluid  on  one,  put  the  other  glass  on  the  top  of  it, 
squeeze  the  glasses  gently  together,  and  then  glide  one  oflT  the 
other,  so  as  to  leave  a  very  thin  laj^er  of  the  fluid  on  each.  Now 
dry  both  cover-glasses  by  passing  them  several  times  through  a 
spirit-flame.  A  temperature  of  120°  should  be  reached  for  a 
few  minutes  to  produce  insolubility  and  fixation  to  the  glass  of 
any  albumen.  If  a  weak  staining  solution  is  used,  the  glasses 
must  be  floated  on  it  for  some  time ;  but  a  strong  solution  (two 
to  five  per  cent.)  is  quite  as  good,  and  stains  deeply  in  less  than 
a  minute.  Pour  a  little  on  to  the  glass,  pour  it  off"  after  a  few 
seconds  and  wash  with  distilled  water  from  a  wash-bottle;  dry 
over  a  flame.  Warm  a  slide,  and  just  melt  on  it  a  little  solid 
balsam ;  drop  the  slightly  warmed  cover-glass  on  to  this  and 
press  it  down. 

For  fluids  rich  in  albumen  a  concentrated  solution  of  aniline- 
brown  in  glycerine  and  water  (equal  parts)  may  be  used  with 
advantage. 

Certain  organisms  are  distinguished  by  holding  to  basic  ani- 
line dyes,  as  fuchsine,  gentian-violet,  methyl-violet,  etc.,  which 
they  have  taken  up  solely  from  fluids  which  may  be  either  alka- 
line or  acid  (Kiehl),  when  they  are  acted  on  by  a  solution  of 
nitric  acid  (one  in  three),  whilst  everything  else  is  decolorized — 
including  other  kinds  of  bacteria.  These  latter  and  the  tissues 
may,  after  the  acid  has  been  washed  oft',  be  stained  with  some 
contrast-color — e.g.,  fuchsine  and  methylene-blue.  This  method 
will  be  described  under  "tissues."  The  chief  fungi  known  to 
stain  in  this  way  are  B.  tuberculosis  and  B.  leprae  ;  a  coccus  also 
has  been  met  with.  B.  tuberculosis  is  now  constantly  sought 
for  in  pus,  in  sputum,  and  in  urine  for  purposes  of  diagnosis,  or 
to  learn  the  result  of  treatment. 
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For  the  examination  of  fluids  for  B.  tuberculosis,  Gibbes's 
double  stain  is  the  quickest,  and  is  said  to  be  as  reliable  as  any 
(Vignal). 

[b)  Microorganisms  in  Tissues.  —  Tissues  for  examination 
should  be  placed  as  soon  as  possible  after  death  in  methylated 
spirit.  When  thoroughly  hardened,  very  thin  sections  must  be 
cut  either  by  hand  or  by  some  microtome.  If  a  freezing 
machine  is  used,  a  thin  slice  of  the  tissue  must  be  soaked  in 
plenty  of  water  for  two  or  three  hours,  and  then  put  into  muci- 
lage (B.  P.)  for  a  similar  time.  The  sections  are  to  be  placed  for 
two  hours  or  longer  in  a  one  per  cent,  watery  solution  of  the  dye 
selected;  warmth  facilitates  staining.  Some  workers  transfer 
the  stained  sections  to  a  one  per  cent,  solution  of  glacial  acetic 
acid,  then  to  absolute  alcohol,  and  finally  to  oil  of  cloves;  others 
put  them  straight  into  alcohol.  Each  one  of  these  fluids  dis- 
solves the  dye  out  of  the  tissue,  and  the  difficulty  is  to  carry  the 
sections  through  them  rapidly  enough.  It  is  best,  therefore,  at 
first  to  take  only  one  section  at  a  time  out  of  the  staining  fluid. 
One  or  two  trials  will  show  how  long  the  section  must  be  left 
in  each  fluid  in  order  that  it  may  still  retain  a  rather  pale  color 
when  it  is  spread  out  on  the  slide.  Superfluous  oil  of  cloves  is 
now  run  off,  and  the  section  dried  with  a  piece  of  clean  filter- 
paper  pressed  firmly  on  it.  A  drop  of  Canada  balsam  dissolved 
in  xylol  is  put  on  the  cover-glass,  and  this  is  applied ;  chloro- 
form and  benzol-balsam  slowly  dissolve  out  the  stain,  and  pure 
balsam  is  rather  difficult  to  work  with. 

If  a  blue  or  violet  stain  has  been  used,  the  sections,  after 
washing  in  alcohol,  may  be  dipped  in  water  for  a  moment  and 
then  placed  in  eosine-  or  carmine-solution  for  an  hour;  the 
tissue-elements  acquire  a  red  tint,  whilst  the  organisms  remain 
blue  or  violet.  The  sections  must  now  be  carried  through 
alcohol  and  oil  of  cloves;  then  mounted. 

To  examine  tissues  for  B.  tuberculosis  or  B.  leprae,  Ehrlich's 
process  is  the  best.  Many  contrast  stains  may  be  used;  we 
shall  speak  of  fuchsine  and  methylene-blue.  To  100  c,  c.  of 
water  add  4  c.  c,  of  pure  aniline  (ordinary  aniline  is  much 
cheaper  and  very  good),  shake  well  and  filter;  to  the  filtrate 
add  11  c.  c.  of  a  saturated  alcoholic  solution  of  fuchsine.  Pre- 
pare also  a  saturated  solution  in  absolute  alcohol  of  methylene- 
blue  ;  and  dilute  nitric  acid  (B.  P.)  with  two  parts  of  water,  or 
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with  three,  if  this  decolorizes  too  quickly.  Place  the  sections 
in  the  fuchsine  solution  for  at  least  two  hours  in  a  warm  place ; 
then  transfer  them  to  the  nitric  acid  solution  and  leave  them 
until  the  color  is  almost  gone;  then  rinse  them  in  water,  and 
put  them  into  methylene-blue  for  an  hour.  Now  pass  them 
through  absolute  alcohol  and  oil  of  cloves,  and  mount  as  above. 
Either  B.  tuberculosis  or  leprae  will  appear  red  on  a  blue 
ground ;  all  other  organisms  present  will  be  blue. 

With  large  and  delicate  sections  it  is  a  good  plan  to  use  the 
glass  slide  as  a  section  lifter,  pushing  it  obliquely  into  the 
cloves  or  even  the  alcohol,  and  there  spreading  the  section  out 
upon  it.  Large  vessels  and  plenty  of  the  fluid  must  be  used 
for  this  purpose. 

With  large  organisms  or  with  successful  contrast-staining  a 
power  of  500  diameters  and  ordinary  illumination  will  be  suffi- 
cient for  most  purposes ;  but  for  the  smaller  fungi  the  highest 
powers  made,  and  a  sub-stage  condenser  of  very  wide  angular 
aperture,  are  necessary.^ 

Cultivation. — Having  determined  the  presence  of  organisms 
in  a  fluid  or  tissue,  it  may  be  wished  to  cultivate  them,  to  study 
their  life  conditions,  or  to  inoculate  the  pure  organisms  on  other 
animals. 

Three  methods  may  be  mentioned — cultivation  in  fluids,  in 
solids,  and  in  living  animals. 

In  Fluids.  Klebs  introduced  a  method  which  he  called 
"  Fractionirte  Cultur."  It  consists  in  adding  to  a  sterile  fluid 
a  small  quantity  of  a  fluid  or  substance  containing  the  fungus. 
Under  suitable  conditions  the  latter  will  grow.  A  small  quan- 
tity of  the  culture-fluid  may  then  be  added  to  another  flask,  and 
so  on  until  all  vestiges  of  what  was  inoculated  in  the  first  flask 
along  with  the  original  organisms  must  have  disappeared.  If 
more  than  one  kind  of  fungus  is  inoculated,  or  if  in  the  inocu- 
lation of  successive  flasks  contamination  from  the  air  or  appa- 
ratus occurs,  it  may  be  impossible  to  obtain  a  pure  cultivation 
of  one  organism. 

In  Solids.  Koch,  therefore,  introduced  a  solid  culture-ground. 
Clear  meat-broths  and  other  fluids  are  peptonized  and  have 
added  to  them  sufficient  gelatine  (2|-3  per  cent.)  to  render  them 
solid  at  2°-25°  C,  at  which  temperature  most  fungi  will  grow 

'  Koch,  Traum  Inf.  Dis.,  p.  27. 
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fairly.  Klein,  however,  finds  it  necessary  for  the  latter  tempera- 
ture to  have  at  least  10  per  cent,  of  gelatine  present.  A  thin 
layer  of  the  gelatine  may  be  spread  on  a  cover-glass;  a  recently 
heated  wire,  having  on  it  the  material  to  be  examined,  is  drawn 
across  the  gelatine  in  two  or  three  lines,  and  the  cover  is  in- 
verted over  a  glass  cell.  Examination  will  now  show  what 
organisms  are  present,  and  where  the  one  it  is  wished  to  grow 
is  situate;  the  growth  may  be  watched,  and  fresh  culture- 
grounds  inoculated  from  it.  As.  the  inoculation  takes  place  in 
air,  organisms  may  fall  upon  the  gelatine,  or  the  wire  may  catch 
one  or  two.  The  latter  would  lie  in  the  inoculation-lines,  the 
former  would  probably  be  away  from  them,  and  therefore  at 
once  recognizable.  Examination  of  several  lines  guards  against 
the  former  fallacy.  A  very  handy  method  of  cultivation  is  the 
inoculation  of  slices  of  recently  boiled  potato,  made  with  a  pure 
knife,  and  kept  under  a  bell-jar  in  moist  air.  Most  frequently 
such  cultivations  are  carried  on  in  test-tubes.  For  methods  of 
preparing  these  and  inoculating  them,  see  Klein. ^ 

In  Animals.  Koch  injected  fluids  containing  many  kinds  of 
organisms  into  the  bodies  of  animals.  In  only  one  case  did 
two  organisms  develop,  and  then  whilst  one  (bacillus)  was  in 
the  blood,  the  other  (coccus)  remained  in  tissues  round  the 
inoculation-puncture.  The  former  gave  rise  to  septicaemia,  and 
could  be  easily  inoculated  alone;  but  the  latter,  which  caused 
spreading  gangrene,  could  not  be  obtained  free  from  the  bacillus 
until  both  were  inoculated  on  an  animal,  in  which  the  latter 
could  not  grow,  whilst  the  former  flourished.  Pure  cultivation 
of  each  could  now  be  carried  through  any  number  of  animals.^ 
It  may,  however,  be  impossible  to  find  an  animal  in  which  the 
organism  it  is  desired  to  cultivate  will  grow. 

In  all  such  experiments  apparatus  must  be  purified  at  150° 
C.  for  some  hours,  instruments  passed  through  a  flame  before 
use,  and  so  forth;  they  should  be  carried  on  in  the  purest  and 
quietest  atmosphere  obtainable.  The  food-material,  its  reac- 
tion, the  temperature,  the  amount  of  oxygen,  must  be  varied 
experimentally  to  suit  any  fungus  it  is  desired  to  grow. 

1  Eep.  of  Med.  Off.  to  Privy  Council,  1881,  p.  175.  ^  Koch,  p.  43. 
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ABSCESS,  253 
metastatic,  227,  415 

micrococci  in,  446 

of  bone,  310 

of  brain,  390 

of  kidneys,  846 

of  liver,  341 

of  lungs,  363 

of  lymphatic  glands,  326 
Actinomycosis,  298,  467 
Activity,  functional,  21 

nutritive,  21 

reproductive,  21 

vital,  20 
Acute  tuberculosis,  268 
Adenomata,  169 
Adenoma  of  liver,  173 

of  mammary  gland,  171 

of  mucous  membranes,  173 

of  ovary,  173 

of  parotid,  173 

of  prostate,  178 

of  sebaceous  glands,  174 

of  thyroid,  173 
Adeno-fibroma,  169 

Adenoid  cancer,  see  "  Epithelioma,  Cyl- 
indrical." 
Adeno-myxoma,  170 

-sarcoma,  170 
Adipose  tissue,  atrophy  of,  45 
growth  of,  55 
regeneration  of,  403 
Alimentary  canal,  lardaceous  degenera- 
tion of,  93 
Amyloid    degeneration,    see    "Larda- 
ceous Degeneration." 
Anaemia,  local,  196 

infarction  from,  198 
results  of,  196 

splenica,  282 
Aneurism  by  anastomosis,  166 

from  arteritis,  318 

from  embolism,  226 
Angiomata,  164 
Antiseptics,  428 
Arteries,  atheroma  of,  816 

calcification  of,  98 


Arteries,  fatty  degeneration  of,  69 

inflammation  of,  315 

in  chronic  Bright's  disease,  857 

in  syphilis,  299 

terminal,  197 
Arteritis  acute,  315 

chronic,  316 
Aseptic  traumatic  fever,  414 
Atheroma,  316 
Atrophy,  46 

causes  of,  46 

numerical,  45 

of  adipose  tissue,  45 

physical  characters  of,  50 

simple,  45 


BACILLUS  anthracis,  453 
butyricus,  4.53 

subtilis,  453 

tuberculosis,  275 
Bacteria,  or  schizomycetes,  424 

conditions  of  life  of,  425 

description  of,  424 

distribution  of,  in  Nature,  430 

effects  of,  436 

in  living  tissues,  436 

mutability  of,  440 

specific  classification  of,  437,  443 
Bacterium  lactis,  452 

lineola,  452 

synxanthum,  4.52 

termo,  452 
Blastomycetes,  461 

Blood,  ante-mortem  coagulation  of,  see 
"  Thrombosis." 

post-mortem  coagulation  of,  214 
Blood    and     circulation,     changes     in, 

194 
Blood-coagulation,  see  "  Thrombosis." 
Blood-corpuscles,  emigration  of,  in  in- 
flammation, 238 

exudation  of,  in  mechanical  hyper- 
semia,  205 
Blood-cysts,  160 
Bloodvessels,  classification  of,  99 

changes  in,  in  inflammation,  237 


476 


INDEX. 


Bloodvessels,  changes  in,  in  local  anfe- 
mia,  198 

fatty  degeneration  of,  69-71 

inflammation  of,  315,  318 

lardaceous  degeneration  of,  84 

new  formation  of,  see  "Angiomata." 

regeneration  of,  399 
Bone,  atrophy  of,  51 

caries  of,  310 

inflammation  of,  309 

necrosis  of,  311 

regeneration  of,  403 

sclerosis  of,  311 
Brain,  abscess  of,  390 

embolism  in,  229 

fatty  degeneration  of,  see  "  Cerebral 
Softening." 

inflammation  of,  390 

inflammatory  softening  of,  391 

red  softening  of,  77,  229 

softening  of,  from  embolism,  229 

sclerosis  of,  393 

thrombosis  of,  229 

tubercle  of,  279 

white  softening  of,  77 

yellow  softening  of,  77 
Brown  atrophy  of  heart,  74 

induration  of  lungs,  209 


CACHEXIA,  cancerous,  199 
Calcareous  degeneration,  95 
of  arteries,  99 
Cancer,  see  "  Carcinoma." 
Capillaries,  fatty  degeneration  of,  70 
Carcinoma,  175 

adenoid,  187 

bloodvessels  of,  177 

cells  of,  175 

clinical  characters  of,  188 

colloid,  183 

development  of,  177 

encephaloid,  181 

epithelial,  184 

lymphatics  of,  177 

melanotic,     see     "  Melanotic    Sar- 
coma." 

osteoid,  see  "  Osteoid  Sarcoma." 

scirrhus,  179 

secondary  changes  in,  179 

stroma  of,  177 

structure  of,  176 

varieties  of,  179 
Carcinomata,  175 
Caries,  310 

necrotica,  311 
Cartilage,  inflammation  of,  308 

regeneration  of,  403 
Caseation,  67 

of  products  of  scrofulous  inflamma- 
tion, 304 

of  tubercle,  272 


pathological    signifi- 


Caseous 

cance  of,  68 
Catarrh,  331 

mucous,  331 

serous,  331 
Cell,  definition  of,  18 

limiting  membrane  of,  20 

nucleus  of,  19 

protoplasm  of,  18 
Cells,  constitution  of,  18 

genesis  of  27 

"indiff"erent,"  116 

multiplication  of,  27 

physiology  of,  20 
Cell-wall,  nature  of,  19 
Cerebral  softening,  75 
Cerebro-spinal    meningitis,'  micrococci 

in,  451 
Chloasma,  467 
Cholera,  455 
Chondromata,  135 

Cicatricial  tissue,  see  "  Scar-Tissue." 
Cirrhosis,  biliary,  345 

of  liver,  341 
Clots,  ante-mortem,  215 

post-mortem,  214 
Cloudy  swelling,  107 
Colloid  cancer,  182 

degeneration,  79 
Condylomata,  168 
Congestion,  see  "  Hypersemia." 
Connective  tissue,  fatty  infiltration  of, 
55  ^ 

inflammation  of,  307 
regeneration  of,  400 
Cornea,  inflammation  of,  307 
Corpora  amylacea,  94 
Corpuscles,  exudation,  65 
Croup, 333 

Cryptogenetic  inflammations,  264 
Cystic  sarcoma,  151 
Cysts,  190 

classification  of,  193 

modes  of  origin  of,  191 

secondary  changes  in,  192 

structure  of,  191 


DEGENERATION,  54 
amyloid,  see  "Lardaceous." 

ascending  and  descending,  394 

calcareous,  96 

causes  of,  54 

colloid,  79 

fatty,  65 

granular,  107 

lardaceous,  82 

mucoid,  78 

pigmentary,  100 

primary  and  secondary,  393 
Desmobacteria,  452 
Diphtheria,  333 
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Diphtheria,  micrococci  in,  448 
Disease,  29 

acquired,  31 

eflFects  of  previous,  34 

etiology  of,  32 

exciting  causes  of,  35 

general  and  local,  32 

inherited,  30 

mode  of  extension  of,  85 

predisposing  causes  of,  32 

structural,  organic,  and  functional, 
32 

terminations  of,  36 
Diseases,  contagious,  443 

infective,  442 

miasmatic,  443 

septic,  443 
Disinfecti ng,  modes  of,  see  "Antiseptics. " 
Dysentery,  336 


EMBOLI,  capillary,  228 
fat,  228 

sources  of,  222 
Embolism,  222 

as  cause  of  aneurism,  226 

in  brain,  229 

results  of,  225 
Embryonic  remains,  hypothesis  of,  125 
Emigration  of  white  blood-corpuscles  in 

inflammation,  238 
Emphysema,  51 
Encephalitis,  390 
Encephaloid  cancer,  181 
Enchondromata,  see  "  Chondromata." 
Enchondroses,  137 
Endocarditis,  319 

acute,  320 

chronic,  322 

etiology  of,  322 

infective,  322 

micrococci  in,  451 

ulcerative,  321 
Epiblast,  29 
Epithelioma,  184 

cylindrical,  187 
Epithelium,  regeneration  of,  408 
Epulis,  130,  159 
Erysipelas,  micrococci  in,  447 
Exostoses,  140 
Exudation  corpuscles,  65 
Exudation  in  inflammation,  238 

in  mechanical  hypersemia,  207 


FAKCY,  289 
Eat,  absorption  of,  67 
Fat,  as  cause  of  embolism,  228 

source  of,  in  fatty  degeneration,  56 
Fatty  degeneration,  55 
causes  of,  56 
of  arteries,  69 


Fatty  degeneration  of  brain,  75 
of  capillaries,  70 
of  heart,  72 
of  kidneys,  74 
of  muscle,  71 
infiltration,  59 

of  connective  tissue,  56 
of  heart,  61 
of  liver,  62 
of  muscle,  60 
metamorphosis,  65 
Favus,  465 

Fermentation,  etiology  of,  419 
germ  theory  of,  418 
physical  theory  of,  419 
products  of,  423 
Fibroid  induration,  as  result  of  inflam- 
mation, 251 
of  mechanical  hypersemia, 

206 
of  syphilis,  296 
of  heart,  324 
Fibromata,  128 
Fibroplastic   tumor,  see   "Sarcomata," 

spindle-celled." 
Fungi,  424 


GANGKENE,  see  Necrosis." 
senile,  39 
Genesis  of  cells,  27,  269 
Germ-theory  of  disease,  418 
Giant-cells,  29 
Giant-growth,  113 
Glanders,  289 
Glioma,  157 

Glomerulo-nephritis,  354 
Gluge,  corpuscles  of,  66 
Gonorrhoea,  micrococci  in,  449 
Granular  degeneration,  107 
Granulomata,  infective,  267 
Gray  degeneration,  see  "  Sclerosis." 
Gummata,  297 


HiEMATOIDIN,  101 
Hemorrhagic  infarct,  198 
Heart,  brown  atrophy  of,  74 

changes  in  pyrexia,  108 

fatty  degeneration  of,  72 
infiltration  of,  61 

fibroid  induration  of,  324 

infiammation  of,  319 
Heredity,  34 
Heterology,  117 
Hodgkin's  disease,  145 
Homology,  117 
Horns,  168 
Hyperjemia,  200 

active,  200 

as  cause  of 

mechanical 


ew  growth,  113 
202 
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Hypersemia  of  liver,  207 

of  lungs,  209 

post-mortem  appearances  of,  210 
Hyperplasia,  111 
Hypertrophy,  111 

compensatory,  112 
Hyphomycetes,  4(52 
Hypoblast,  29 


TNFAECT,  198 
1     Infective  disease,  442 
Infective  granulomata,  267 
Infiltrations,  55 
Infiltration,  fatty,  59 
Inflammation,  236 

as  cause  of  necrosis,  38,  259 

as  causes  of  blood-stasis,  246 

changes    in    the    bloodvessels   and 
circulation  in,  237 

changes  in  inflamed  tissues,  242 

croupous,  260 

cryptogenetic,  264 

diphtheritic,  260 

emigration  of  red  blood-corpuscles 
in,  239 
of   white   blood-corpuscles   in, 
239 

essential  lesion  of,  243 

etiology  of,  261 

explanation    of    microscopic    phe- 
nomena of,  245 
clinical  signs  of,  247 

exudation  of  liquor  sanguinis  in,  241 

fibrinous,  249 

formation  of  pus  in,  252 

hemorrhagic,  258 

idiopathic,  see  "Cryptogenic." 

infective,  266 

necrotic,  259 

productive,  250 

scrofulous,  see  "Scrofula." 

septic,  265 

serous,  248 

specific,  266 

stasis  in,  238 

suppurative,  253 

terminations  of,  248 

traumatic,  262 

ulcerative,  255 

varieties  of,  248 

of  arteries,  315 

of  bloodvessels,  315 

of  bone,  309 

of  brain  and  spinal  cord,  389 

of  cartilage,  308 

of  connective  tissue,  307 

of  cornea,  307 

of  heart,  319 

of  kidneys,  346 

of  liver,  840 

of  lungs,  359 


Inflammation   of  lymphatic  structures, 
326 
of  mucous  membranes,  331 
of  serous  membranes,  337 
of  special  organs  and  tissues,  306 
of  veins,  318 

Inflammatory  fever,  414 
stasis,  238 

Interstitial  hepatitis,  341 
nephritis,  355 
pneumonia,  368 

Intestine,  lardaceous  degeneration  of,  93 
tuberculosis  of,  282 
typhoid  ulceration  of,  329 

Ischasmia,  see  "Anaemia,  Local." 


KAKYOKINESIS,  28 
Kidney,  abscess  of,  346 
Kidney,  fatty  degeneration  of,  74 
glomerulo-nephritis,  354 
inflammation  of,  346 
interstitial  nephritis,  354 
lardaceous  degeneration  of,  89 
leuksemic  growth  in,  236 
scarlatinal  nephritis,  353 
suppurative  nephritis,  346 
surgical,  347 
tubal  nephritis,  350 

LAKDACEOUS  degeneration,  82 
of  alimentary  canal,  93 
of  kidneys,  89 
of  liver,  87 

of  lymphatic  glands,  93 
of  spleen,  91 
substance,  nature  of,  83 
reactions  of,  83 
source  of,  86 
Leprosy,  291 
Leucocytosis,  231 
Leukaemia,  231 

Leukemic  growths  in  kidney,  236 
in  liver,  235 

in  lymphatic  glands,  234 
in  spleen,  234 
Lipomata,  134 

Litten's  explanation  of  infarction,  199 
Liver,  abscess  of,  341 

acute  inflammation  of,  341 
yellow  atrophy  of,  345 
changes  in,  in  pyrexia,  108 
cirrhosis  of,  341 
fatty  infiltration  of,  62 
in  splenic  an;iemia,  235 
lardaceous  degeneration  of,  87 
leukicmic  growths  in,  235 
nutmeg,  207 

syphilitic  growths  in,  302 
Lungs,  abscess  of,  363 

broncho-pneumonia,  364 
brown  induration  of,  209 
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Lungs,  catarrhal  pneumonia,  3G4 

cirrhosis  of,  see  "  Interstitial  Pneu- 
monia." 
croupous  pneumonia,  359 
emphysema  of,  51 
gangrene  of,  363 
inflammation  of,  359 
interstitial  pneumonia,  368 
pigmentation  of,  104 
phthisis,  374 
tuberculosis  of,  283 
Lupus  vulgaris,  288 
Lymphadenoma,  see  "Lymphomata." 
Lymphangiomata,  147 
Lymphatic    glands,    inflammation    of, 
acute,  326 
chronic,  827 
lardaceous  degeneration  of,  93 
leukpemic  growths  in,  234 
non-inflammatory  enlargement 

of,  see  "  Lymphomata." 
scrofulous,  327 
tuberculosis  of,  281 
structures,     inflammation     of,      in 
typhoid  fever,  328 
Lymphomata,  142 
Lympho-sarcoma,  144 


MADUEA-FOOT,  467 
Malaria,  455 
Malignancy,  119 

cachexia  as  evidence  of,  119,  124 
causes  of,  122 
different  degrees  of,  119 
recurrence  after  removal,  120 
secondary  growths,  120 
Malignant  oedema,  460 

pustule,  523 
Mammary  gland,  adenoma  of,  171 
adenoma-fibroma  of,  171 
adenoma-sarcoma  of,  172 
cystic-sarcoma  of,  172 
scirrhus  of,  180 
Measles,  micrococci  in,  450 
Melangemia,  103 
Melanin,  102 

Melanotic  cancer,  see  "  Melanotic  Sar- 
coma." 
sarcoma,  152 
Melanosis,  see  "Melanotic  Sarcoma." 
Meningitis,  389 

tubercular,  279 
Mesoblast,  29 
Metamorphoses,  54 
Metastatic  abscesses,  227,  415 
Microbacteria,  452 
Micrococci,  445 

Microorganisms,      cultivation      of,      in 
animals,  471 
in  fluids,  470 
in  solids,  470 


Microorganisms,   demonstration    of,   in 
fluids,  467 
in  tissues,  469 

Microsporon  furfur,  467 

Mollities  ossium,  312 

Molluscum  fibrosum,  130 

Mortification,  see  "Necrosis." 

Moulds,  462 

Mucoid  degeneration,  78 

Mucous  membranes,  adenomata  of,  173 
catarrhal  inflammation  of,  331 
croupous  inflammation  of,  333 
diphtheritic  inflammation,  333 
tuberculosis  of,  281 

Mummification,  40 

Muscle,  fatty  degeneration  of,  71 
infiltration  of,  60 
in  typhoid  fever,  80 
regeneration  of,  406 
Zenker's  degeneration  of,  80 

Myeloid  tumor,  158 

Myelitis,  390 

Myocarditis,  323 

Myomata,  162 

Myoma  of  uterus,  163 

Myxomata,  131 


NECKOBIOSIS,  41 
Necrosis,  37 
Necrosis,  causes  of,  37 

course  of,  41 
Nephritis,  see  "  Inflammation  of  Kid- 
ney." 
Nerve,  regeneration  of,  406 
Nervous    system,  as   cause  of  atrophy, 
49 
disease,  24 
Neuromata,  163 
New  formations,  110 
Nucleoli,  20 
Nucleus,  19 

forms  assumed  in  dividing,  27 
Nutrition,  arrested,  36 
impaired,  44 
increased,  110 
Nutritive  equilibrium,  21 
exchange,  22 


OLDIUM  ALBICANS,  462 
Organisms,  see  "Vegetable   Para- 
sites and  Bacteria." 
Organisms,  pathogenic,  and  simple,  435 
Osteomalacia,  312 
Osteomata,  139 
Osteochondroma,  188 
Osteomyelitis,  309 
Osteoid  sarcoma,  154 
Ostitis,  310 

rarefying,  310 
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PAPILLOMATA,  166 
Parasites,  vegetable,  417 
Perihepatitis,  340 
Periostitis,  309 

Phlebitis,  see  "Veins,  Inflammation  of." 
Pia  mater,  tuberculosis  of,  279 
Phlegmasia  dolens,  221 
Phthisis,  pulmonary,  374 

apical  distribution  of,  388 
"colliers',"  106,  371 
etiology  of,  387 
histology  of,  376 
older  doctrines  respecting,  374 
pathology  of,  383 
tubercle  "bacilli  in,  383 
Pigment,  source  of,  100 
Pigmentary  degeneration,  100 
Pigmentation  false,  104 
of  lungs,  104 
of  sputum,  105 
Pneumonia,  broncho-  or  catarrhal,  364 
croupous,  359 
hypostatic,  368 
interstitial  or  chronic,  368 
micrococci  in,  449 
Post-mortem  staining,  42 
Protoplasm,  18 

coagulation,  after  death,  44 
Psammoma,  131 
Pus,  characters  of,  254 

origin  of,  239 
Pulmonary    phthisis,     see     "  Phthisis, 

Pulmonary." 
Pyaemia,  414 

pathology   of    metastatic    abscesses 

in,  415 
relation  of,  to  septicaemia,  414 
Pyrexia,  tissue-changes  in,  107 


pEGENEKATION,  398 
n     of  adipose  tissue,  403 

of  bone,  403 

of  cartilage,  403 

of  common  connective  tissue,  400 

of  epithelium,  402 

of  muscle,  406 

of  nerve,  406 

of  vessels,  399 
Relapsing  fever,  461 
Eepair,  22 
Rickets,  313 
Rigor  mortis,  43 

nature   of   change    in    muscle 
in,  43 


Sarcomata,  lympho-,  157 

melanotic,  152 

myeloid,  158 

osteoid,  154 

round-celled,  156 

spindle-celled,  151 
Sarcina,  451 
Scar-tissue,  251 

Scarlatina,  kidney  changes  in,  353 
Scirrhus  cancer,  179 
Schizomycetes,  445 
Sclerosis,  ascending,  395 

descending,  394 

disseminated,  394 

primary,  392 

secondary,  392 

of  brain,  393 

of  cord,  393 

of  gray  matter,  395 

of  bone, 311 

of  nerve,  392 
Scrofula,  303 

relation  of,  to  tubercle,  305 
Scrofulous  inflammation,  see  "Scrofula." 
Senile  gangrene,  39 
Septicemia,  410 

in  mice,  460 
Septic  infection,  411 

intoxication,  410 

traumatic  fever,  414 
Serous  effusion,  as  result,  of  inflamma- 
tion, 241 
!  of  mechanical  hypersemia, 
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j  membranes,  inflammation  of,  337 

Slough,  separation  of,  41 
'  Sphserobacteria,  445 
Spinal  cord,  inflammation  of,  390 

sclerosis  of,  393 
Spirobacteria,  460 
Spirochfeta,  461 
Spleen,  lardaceous  degeneration  of,  91 

leukaemic,  234 

in  typhoid  fever,  328 
Splenic  anaemia,  232 

fever,  453 
Spontaneous  generation,  435 
Suppuration,  253 
Syphilis,  295 

arterial  changes  in,  299 

fibroid  changes  in,  296 

gummata  in,  297 

nature  of  lesions  in,  295 


UnAGO  spleen,"  91 
U  Sarcomata,  148 
Sarcomata,  alveolar,  157 

clinical  characters  of,  160 

cystic,  151 


TEE  ATOM  ATA,  190 
Thallopbytes,  424 
I  Thrombosis,  211 
j  causes  of,  211 

1  results  of,  220 

Thrombus,  215 
I         organization  of,  216 
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Thrombus,  secondsiry,  224 

softening  of,  219 
Thrush,  462 
Tinea  circinata,  466 

sycosis,  466 

tonsurans,  466 

unguium,  466 
Traumatic  fever,  414 
Trichophyton  tonsurans,  466 
Trophic  influence,  23 

nerves,  23 

facts  held   to   prove   influence 
of,  24 
Tumors,  114 

classification  of,  127 

clinical  course,  119 

development  of,  115 

etiology  of,  124 

relation     of,    to    the     surrounding 
tissues,  117 

retrogressive  changes  in,  118 
Tubercle,"267 

bacilli,  276 

giant-cells  in,  269 

histology  of,  269 

in  pulmonary  phthisis,  383 

naked-eye  appearances  of,  268 

older  doctrines  respecting,  273 

seats  of,  268 

secondary  changes  of,  272 
Tuberculosis,  acute,  268 

artificial  production  of,  273 

etiology  of,  273 

pathology  of,  273 

of  lungs,  283 

of  lymphatic  glands,  281 

of  mucous  membranes,  281 

of  pia  mater,  279 


Tubercular  meningitis,  279 

Typhoid  fever,  328 

microorganisms  in,  457 
muscular  change  in,  80 

Typhus,  micrococci  in,  451 


ULCEKATION,  255 
tubercular,  of  intestine,  282 
typhoid,  of  intestine,  329 
Uterus,  myoma  of,  163 


VACCINIA,  micrococci  in,  450 
Vacuoles,  19 

Vegetable  parasites,  417 

classification  of,  424 
conditions  of  life  of,  425 
distribution  of,  in  Nature,  430 
methods  of  demonstrating,  467 
natural  history  of,  424 

Veins,  inflammation  of,  818 

Vibrio,  460 

Vital  activity,  20 


WAETS,  168 
Waste,  22 
Wens,  130 

Woolsorters'  disease,  454 
Wounds,  healing  of,  400 


yEASTS,  461 

yENKER'S  degeneration  of  muscle,  80 
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post-paid  on  receipt  of  75  cents  per  volume  (regular  price  $1.25).     (2).  The  Year-Book 

OF  Treatment  for  1886  will  be  sent  on  receipt  of  75  cents  (regular  price  $1.25).  (3). 
An  advance  remittance  of  $10  will  procure  The  News  and  Tjik  Journal  for  one  year, 
together  with  any  one  volvime  of  The  Medical  News  Visiting  List  and  The  Year- 
Book  OP  Treatment  for  1886,  as  offered  above.  Subsequent  volumes  of  The  Medical 
News  Visiting  List  may  be  procured  by  acZi;a?ifie- paying  subscribers  for  75  cents  each 
(regular  price  $1.25).     Thumb-letter  Index  for  quick  use,  25  cents  additional. 

Subscribers  can  obtain,  at  the  close  of  each  volume,  cloth  covers  for  The  Journal  (one 
annually),  and  for  The  News  {one  annually),  free  by  mail,  by  remitting  Ten  Cents  for  the 
Journal  cover,  and  Fifteen  Cents  for  the  News  cover. 


B^"  The  safest  mode  of  remittance  is  by  bank  check  or  postal  money  order,  drawn  to 
the  order  of  the  undersigned ;  where  these  are  not  accessible,  remittances  for  subscriptions 
may  be  sent  at  the  risk  of  the  publishers  by  forwarding  in  registered  letters.    Address, 

LEA  BKOTHEES  &  CO.,  706  and  708  Sansom  Street,  Philadelphia. 

THE  IIJEDICAL  WEWS  VISITING  LIST  FOR  1887. 

Containing  Calendar  for  two  years.  Obstetric  diagrams.  Scheme  of  Dentition.  Tables 
of  weights  and  measures  and  comparative  scales.  Instructions  for  examining  the  urine. 
List  of  disinfectants.  Table  of  eruptive  fevers.  Lists  of  new  remedies  and  remedies 
not  generally  used,  Incompatibles,  Poisons  and  Antidotes.  Artificial  respiration.  Table  of 
doses,  prepared  to  accord  with  the  last  revision  of  the  U.  S.  Pharmacopoeia,  an  extended 
table  of  Diseases  and  their  remedies,  and  directions  for  Ligation  of  Arteries.  Blanks 
for  all  records  of  practice  and  Erasable  tablet.  Handsomely  bound  in  limp  Morocco,  with 
tuck,  pencil,  rubber  and  catheter  scale. 

In  response  to  numerous  requests.  The  Medical  News  Visiting  List  for  1887  is 
issued  in  four  styles,  viz.. :  Dated,  for  30  patients  per  week,  1  vol. ;  dated,  for  60  patients, 
2  vols. ;  dated,  for  90  patients,  3  vols. ;  undated  (perpetual),  1  vol.  Price  per  volume, 
$1.25.  Also,  furnished  with  Ready  Eeference  Thumb-letter  Index  for  quick  use,  25  cents 
additional.     For  special  offers,  including  Visiting  List,  see  above. 

TME  3IEDICAL  NEWS  BMYSICIANS'  lEDGEB, 

Containing  400  pages  of  fine  linen  "  ledger  "  paper,  ruled  so  that  all  the  accounts  of  a 
large  practice  may  be  conveniently  kept  in  it,  either  by  single  or  double  entry,  for  a  long 
period.  Strongly  bound  in  leather,  with  cloth  sides,  and  with  a  patent  flexible  back, 
which  permits  it  to  lie  perfectly  flat  when  opened  at  any  place.  Price,  $5.00.  Also, 
a  small  special  lot  of  same  Ledger,  with  300  pages.     Price,  $4.00. 


HAUTSMOMNE,  HENMT,  A,  M.,  M.  D.,  LL.  Z>., 

Lately  Professor  of  Hygiene  in  the  University  of  Pennsylvania. 
A  Conspectus  of  the  Medical  Sciences ;  Containing  Handbooks  on  Anatomy, 

Physiology,  Chemistry,  Materia   Medica,   Practice  of  Medicine,  Surgery  and   Obstetrics. 

Second   edition,  thoroughlv  revised   and  greatly  improved.     In   one  large  royal  12mo. 

volume  of  1028  pages,  with  477  illustrations.     Cloth,  $4.25;  leather,  $5.00. 

industry  and  energy  of  its  able  editor.— Boston 
Medical  and  Surgical  Journal,  Sept.  3,  1874. 

We  can  say  with  the  strictest  truth  that  it  is  the 
best  work  of  the  liind  with  which  we  are  ac- 
quainted. It  embodies  in  a  condensed  form  all 
recent  contributions  to  practical  medicine,  and  is 
therefore  useful  to  every  busy  practitioner  through- 
out our  country,  besides  being  admirably  adapted 
to  the  use  of  students  of  medicine.  The  book  is 
faithfully  and  ably  executed. — Charleston  Medical 
Journal,  April,  1875. 

NEILL,  JOHN,  M.  D.,  and  SMITH,  F,  G.,  M,  !>., 

Late  Surgeon  to  the  Penna.  Hospital.  Prof,  of  the  Institutes  of  Med.  in  the  Univ.  of  Penna. 

An  Analytical  Compendium  of  the  Various  Branches  of  Medical 
Science,  for  the  use  and  examination  of  Students.  A  new  edition,  revised  and  improved. 
In  one  large  royal  12mo.  volume  of  974  pages,  with  374  woodcuts.    Cloth,  $4 ;  leather,  $4.75. 


The  object  of  this  manual  is  to  afford  a  conven- 
ient work  of  reference  to  students  during  the  brief 
moments  at  their  command  while  in  attendance 
upon  medical  lectures.  It  is  a  favorable  sign  that 
it  has  been  found  necessary,  in  a  short  space  of 
time,  to  issue  a  new  and  carefully  revised  edition. 
The  illustrations  are  very  numerous  and  unusu- 
ally clear,  and  each  part  seems  to  have  received 
its  due  share  of  attention.  We  can  conceive  such 
a  work  to  be  useful,  not  only  to  students,  but  to 
practitioners  as  well.    It  reflects  credit  upon  the 


LUDLOW,  J,L.,3I.I>., 

Consulting  Physician  to  the  Philadelphia  Hospital,  etc. 

A  Manual  of  Examinations  upon  Anatomy,  Physiology,  Surgery,  Practice  of 
Medicine,  Obstetrics,  Materia  Medica,  Chemistry,  Pharmacy  and  Therapeutics.  To  which 
is  added  a  Medical  Formulary.  3d  edition,  thoroughly  revised,  and  greatly  enlarged.  In 
one  12mo.  volume  of  816  pages,  with  370  illustrations.     Cloth,  $3.25;  leather,  $3.75. 

The  arrangement  of  this  volume  in  the  form  of  question  and  answer  renders  it  espe- 
cially suitable  for  the  office  examination  of  students,  and  for  those  preparing  for  graduation. 
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jyVJSGLISON^,  JROBLEY,  M.D,, 

Late  Professor  of  Institutes  of  Medicine  in  the  Jefferson  Medical  College  of  Philadelphia. 

MEDICAL  LEXICON;  A  Dictionary  of  Medical  Science :  Containing 
a  concise  Explanation  of  the  various  Subjects  and  Terms  of  Anatomy,  Physiology,  Pathol- 
ogy, Hygiene,  Therapeutics,  Pharmacology,  Pharmacy,  Surgery,  Obstetrics,  Medical  Juris- 
prudence and  Dentistiy,  Notices  of  Climate  and  of  Mineral  Waters,  Formulae  for  Officinal, 
Empirical  and  Dietetic  Preparations,  with  the  Accentuation  and  Etymology  of  the  Terms, 
and  tlie  French  and  other  Synonymes,  so  as  to  constitute  a  French  as  well  as  an  English 
Medical  Lexicon.  Edited  by  iiiCHAKD  J.  Dunglison,  M.  D.  In  one  very  large  and 
handsome  royal  octavo  volume  oi  1139  pages.  Cloth,  |6.50;  leather,  raised  bands,  |7.50; 
very  handsome  half  Russia,  raised  bands,  $8. 

The  object  of  the  author,  from  the  outset,  has  not  been  to  make  the  work  a  mere  lexi- 
con or  dictionary  of  terms,  but  to  afford  under  each  word  a  condensed  view  of  its  various 
medical  relations,  and  thus  to  render  the  work  an  epitome  of  the  existing  condition  of 
medical  science.  Starting  with  this  view,  the  immense  demand  which  has  existed  for  the 
work  has  enabled  him,  in  repeated  revisions,  to  augment  its  completeness  and  usefulness, 
until  at  length  it  has  attained  the  position  of  a  recognized  and  standard  authority  wherever 
the  language  is  spoken.  Special  pains  have  been  taken  in  the  preparation  of  the  present 
edition  to  maintain  this  enviable  reputation.  The  additions  to  the  vocabulary  are  more 
numerous  than  in  any  previous  revision,  and  particular  attention  has  been  bestowed  on  the 
accentuation,  Avhich  will  be  found  marked  on  every  word.  The  typographical  arrangement 
has  been  greatly  improved,  rendering  reference  much  more  easy,  and  every  care  has  been 
taken  with  the  mechanical  execution.  The  volume  now  contains  the  matter  of  at  least 
four  ordinary 

passed  away,  probably  all  of  us  feared  lest  the  book 
should  not  maintain  its  place  in  the  advancing 
science  whose  terms  it  defines.  Fortunately,  Dr. 
Richard  J.  Dunglison,  having  assisted  his  father  in 
the  revision  of  several  editions  of  the  work,  and 
having  been,  therefore,  trained  in  the  methods 
and  imbued  with  the  spirit  of  the  book,  has  been 
able  to  edit  it  as  a  work  of  the  kind  should  be 
edited— to  carry  it  on  steadily,  without  jar  or  inter- 
ruption, along  the  grooves  of  thought  it  has  trav- 
elled during  its  lifetime.  To  show  the  magnitude 
of  the  task  which  Dr.  Dunglison  has  assumed  and 
carried  through,  it  is  only  necessary  to  state  that 
more  than  six  thousand  new  subjects  have  been 
added  in  the  present  edition. — Philadelphia  Medical 
Times,  Jan.  3, 1874. 

It  has  the  rare  merit  that  it  certainly  has  no  rival 
in  the  English  language  for  accuracy  and  extent  of 
references.— iondon  Medical  Gazette. 


About  the  first  book  purchased  by  the  medical 
student  is  the  Medical  Dictionary.  The  lexicon 
explanatory  of  technical  terms  is  simply  a  sine  qua 
non.  In  a  science  so  extensive  and  witn  such  col- 
laterals as  medicine,  it  is  as  much  a  necessity  also 
to  the  practising  physician.  To  meet  the  wants  of 
students  and  most  physicians  the  dictionary  must 
be  condensed  while  comprehensive,  and  practical 
while  perspicacious.  It  was  because  Dunglison's 
met  these  mdications  that  it  became  at  once  the 
dictionary  of  general  use  wherever  medicine  was 
studied  in  the  English  language.  In  no  former 
revision  have  the  alterations  and  additions  been 
80  great.  The  chief  terms  have  been  set  in  black 
letter,  while  the  derivatives  follow  in  small  caps; 
an  arrangement  which  greatly  facilitates  reference. 
— Cincinnati  Lancet  and  Clinic,  Jan.  10, 1874. 

A  book  of  which  every  American  ought  to  be 
proud.     When  the  learned  author  of   the  work 


HOBLYN,  RICSARD  D.,  M,  1>. 

A  Dictionary  of  the  Terms  Used  in  Medicine  and  the  Collateral 
Sciences.  Eevised,  with  numerous  additions,  by  Isaac  Hays,  M.  D.,  late  editor  of 
The  American  Journal  of  the  Medical  Sciences.  In  one  large  royal  12mo.  volume  of  520 
double-columned  pages.     Cloth,  $1.50 ;  leather,  $2.00. 

It  is  the  best  book  of  definitions  we  have,  and  ought  always  to  be  upon  the  student's  table. — Southern 
Medical  and  Surgical  Journal. 

STUDENTS'  SJEMIJSS  OF  3IANTJALS. 

A  Series  of  Fifteen  Manuals,  for  the  use  of  Students  and  Practitioners  of  Medicine 
and  Surgery,  written  by  eminent  Teachers  or  Examiners,  and  issued  in  pocket-size 
12mo.  volumes  of  300-540  pages,  richly  illustrated  and  at  a  low  price.  The  following  vol- 
umes are  now  ready:  Tkeves'  Manual  of  Surgery,  by  various  writers,  in  three  volumes; 
Bell's  Comparative  Physiology  and  Aimtomy,  Gould's  Surgical  Diagnosis,  Robertson's 
Physiological  Physics,  Bbuce's  Materia  Medica  and  Therapeutics,  Power's  Human  Physi- 
ology, Clarke  and  Lockwood's  Dissectors'  Manual,  Ralfe's  Clinical  Chemistry,  Treves' 
Surgical  Applied  Anatomy,  Pepper's  Surgical  Pathology,  and  Klein's  Elements  of  Histology. 
The  following  are  in  press :  Bellamy's  Operative  Surgery,  Pepper's  Forensic  Medicine, 
and  CuRNOw's  Medical  Applied  Anatomy.      For  separate  notices  see  index  on  last  page. 

SERIES  OF  CLINICAL  MANUALS. 

In  arranging  for  this  Series  it  has  been  the  design  of  the  publishers  to  provide  the 
profession  with  a  collection  of  authoritative  monograplis  on  important  clinical  subjects 
in  a  cheap  and  portable  form.  The  voluities  will  contain  about  550  pages  and  will  be 
freely  illustrated  by  chromo-lithographs  and  woodcuts.  The  following  volumes  are 
now  ready:  Marsh  on  the  Joints,  Owen  on  Surgical  Diseases  of  Children,  Morris  on 
Surgical  Diseases  of  the  Kidney,  Pick  on  Fractures  and  Dislocations,  Bdtlin  on  the  Tongue, 
Treves  on  Intestinal  Obstruction,  and  SAVAC4E  on  Insanity  and  Allied  Neuroses.  The 
following  will  be  ready  shortly :  Hutchinson  on  Syphilis.  The  following  are  in  active 
preparation :  Carter  &  Frost's  Ophthalmic  Surgery,  Bryant  on  the  Breast,  Broadbent 
on  the  Pulse,  Lucas  on  Diseases  of  the  Urethra,  and  Ball  on  the  Rectum  and  Anus.  For 
separate  notices  see  index  on  last  page. 
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GRAY,  SBNUY,  F,  It.  S,, 

Lecturer  on  Anatomy  at  St.  George's  Hospital,  London. 

Anatomy,  Descriptive  and  Surgical.  Tlie  Drawings  by  H.  V.  Carter,  M.  D., 
and  Dr.  Westmacott.  The  dissections  jointly  by  the  Author  and  Dr.  Carter.  With 
an  Introduction  on  General  Anatomy  and  Development  by  T.  Holmes,  M.  A.,  Surgeon  to 
St.  George's  Hospital.  Edited  by  T.  Pickering  Pick,  F.  R.  C.  S.,  Surgeon  to  and  Lecturer 
on  Anatomy  at  St.  George's  Hospital,  London,  Examiner  in  Anatomy,  Royal  College  of 
Surgeons  of  England.  A  new  American  from  the  tenth  enlarged  and  improved  London 
edition.  To  which  is  added  the  second  American  from  the  latest  English  edition  of 
Landmarks,  Medical  and  Surgical,  by  Luther  Holden,  F.R.C.S.,  author  of 
"  Human  Osteology,"  "  A  Manual  of  Dissections,"  etc.  In  one  imperial  octavo  volume 
of  1023  pages,  with  564  large  and  elaborate  engravings  on  wood.  Cloth,  $6.00 ;  leather, 
$7.00  ;  very  handsome  half  Russia,  raised  bands,  $7.50. 

This  work  covers  a  more  extended  range  of  subjects  than  is  customary  in  the  ordinaiy 
text-books,  giving  not  only  the  details  necessary  for  the  student,  but  also  the  application  to 
those  details  to  the  practice  of  medicine  and  surgery.  It  thus  forms  both  a  guide  for  the 
learner  and  an  admirable  work  of  reference  for  the  active  practitioner.  The  engravings 
form  a  special  feature  in  the  work,  many  of  them  being  the  size  of  nature,  nearly  all 
original,  and  having  the  names  of  the  various  parts  printed  on  the  body  of  the  cut,  in 
place  of  figures  of  reference  with  descriptions  at  the  foot.  They  thus  form  a  complete  and 
splendid  series,  which  will  greatly  assist  the  student  in  forming  a  clear  idea  of  Anatomy, 
and  will  also  serve  to  refresh  the  memory  of  those  who  may  find  in  the  exigencies  of 
practice  the  necessity  of  recalling  the  details  of  the  dissecting-room.  Combining,  as  it 
does,  a  complete  Atlas  of  Anatomy  with  a  thorough  treatise  on  systematic,  descriptive 
and  applied  Anatomy,  the  work  will  be  found  of  great  service  to  all  physicians  who  receive 
students  in  their  offices,  relieving  both  preceptor  and  pupil  of  much  labor  in  laying  the 
groundwork  of  a  thorough  medical  education. 

Landmarks,  Medical  and  Surgical,  by  the  distinguished  Anatomist,  Mr.  Luther  Holden, 
has  been  appended  to  the  present  edition  as  it  was  to  the  previous  one.  This  work  gives 
in  a  clear,  condensed  and  systematic  way  all  the  information  by  which  the  practitioner  can 
determine  from  the  external  surface  of  the  body  the  position  of  internal  parts.  Thus 
complete,  the  work,  it  is  believed,  will  furnish  all  the  assistance  that  can  be  rendered  by 
type  and  illustration  in  anatomical  study. 
This  well-known  work  comes  to  us  as  the  latest  I      There  is  probably  no  work  used  so  universally 


American  from  the  tenth  English  edition.  As  its 
title  indicates,  it  has  passed  through  many  hands 
and  has  received  many  additions  and  revisions. 
The  work  is  not  susceptible  of  more  improvement. 
Taking  it  all  in  all,  its  size,  manner  of  make-up, 
its  character  and  illustrations,  its  general  accur- 
acy of  description,  its  practical  aim,  and  its  per- 
spicuity of  style,  it  is  the  Anatomy  best  adapted  to 
the  wants  of  the  student  and  practitioner. — Medical 
Record,  Sept.  15, 1883. 


by  physicians  and  medical  students  as  this  one. 
It  is  deserving  of  the  confidence  that  they  repose 
in  it.  If  the  present  edition  is  compared  with  that 
issued  two  years  ago,  one  will  readily  see  how 
much  it  has  been  improved  in  that  time.  Many 
pages  have  been  added  to  the  text,  especially  in 
those  parts  that  treat  of  histology,  and  many  new 
cuts  have  been  introduced  and  old  ones  modified. 
— Journal  of  the  American  Medical  Association,  Sept. 
1,  1883. 


Also  for  sale  separate — 
HOLDBW,  LTITHBM,  F.  M,  C,  S., 

Surgeon  to  St.  Bartholomew's  and  the  Foundling  Hospitals,  London. 
Landmarks,  Medical  and  Surgical.     Second  American  from  the  latest  revised 
English  edition,  with  additions  by  W.  W.  Keen,  M.  D.,  Professor  of  Artistic  Anatomy  in 
the  Pennsylvania  Academy  of  the  Fine  Arts,  formerly  Lecturer  on  Anatomy  in  the  Phila- 
delphia School  of  Anatomy.     In  one  handsome  12mo.  volume  of  148  pages.     Cloth,  $1.00. 


This  little  book  is  all  that  can  be  desired  within 
its  scope,  and  its  contents  will  be  found  simply  in- 
valuable to  the  young  surgeon  or  physician,  since 
they  bring  before  him  such  data  as  he  requires  at 
every  examination  of  a  patient.  It  is  written  in 
language  so  clear  and  concise  that  one  ought 
almost  to  learn  it  by  heart.  It  teaches  diagnosis  by 
external  examination,  ocular  and  palpable,  of  the 
body,  with  such  anatomical  and  physiological  facts 
as  directly  bear  on  the  subject.  It  is  eminently 
the  student's  and  young  practitioner's  book.— P%- 
sician  and  Surgeon,  Nov.  1881. 

The  study  of  these  Landmarks  by  both  physi- 


cians and  surgeons  is  much  to  be  encouraged.  It 
inevitably  leads  to  a  progressive  education  of  both 
the  eye  and  the  touch,  by  which  the  recognition  of 
disease  or  the  localization  of  injuries  is  vastly  as- 
sisted. One  thoroughly  familiar  with  the  facts  here 
taught  is  capable  of  a  degree  of  accuracy  and  a 
confidence  of  certainty  which  is  otherwise  unat- 
tainable. We  cordially  recommend  the  Landmarks 
to  the  attention  of  every  physician  who  has  not 
yet  provided  himself  with  a  copy  of  this  useful, 
practical  guide  to  the  correct  placing  of  all  the 
anatomical  parts  and  organs.— C'onada  Medical  and 
Surgical  Journal,  Dec.  1881. 


WIZSOJV,  FBASMUS,  F.  M,  S, 

A*System  of  Human  Anatomy,  General  and  Special.  Edited  by  W.  H. 
GoBRECHT,  M.  D.,  Professor  of  General  and  Surgical  Anatomy  in  the  Medical  College  of 
Ohio.  In  one  large  and  handsome  octavo  volume  of  616  pages,  with  397  illustrations. 
Cloth,  $4.00;  leather,  $5.00. 

CLELANJ),  JOMW,  M.  !>.,  F,  JR,  S., 

Professor  of  Anatomy  and  Physiology  in  Queen's  College,  Galway. 

A  Directory  for  the  Dissection  of  the  Human  Body.     In  one  12mo. 

volume  of  178  pages.     Cloth,  $1.25. 
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ALLBJSr,  JB^AMMISOJy,  31.  D., 

Professor  of  Physiology  in  the  University  of  Pennsylvania. 

A  System  of  Human  Anatomy,  Including  Its  Medical  and  Surgical 

Relations.  For  the  use  of  Practitioners  and  Students  of  Medicine.  With  an  Intro- 
ductory Section  on  Histology.  By  E.  O.  Shakespeare,  M.  D.,  Ophthalmologist  to 
the  Philadelphia  Hospital.  Comprising  813  double-columned  quarto  pages,  with  380 
illustrations  on  109  full  page  lithographic  plates,  many  of  which  are  in  colors,  and  241 
engravings  in  the  text.  In  six  Sections,  each  in  a  portfolio.  Section  I.  Histology. 
Section  II.  Bones  and  Joints.  Section  III.  Muscles  and  FAsciiE,  Section  IV. 
Arteries,  Veins  and  Lymphatics.  Section  V.  Nervous  System.  Section  VI. 
Organs  op  Sense,  op  Digestion  and  Genito-Urinary  Organs,  Embryology, 
Development,  Teratology,  Superficial  Anatomy,  Post-Mortem  Examinations, 
AND  General  and  Clinical  Indexes.  Price  per  Section,  |3.50 ;  also  bound  in  one 
volume,  cloth,  $23.00 ;  very  handsome  half  Russia,  raised  bands  and  open  back,  $25.00. 
For  sale  by  subscription  only.    Apply  to  the  Publishers. 

Extract  from  Introduction. 

It  is  the  design  of  this  book  to  present  the  facts  of  human  anatomy  in  the  manner  best 
suited  to  the  requirements  of  the  student  and  the  practitioner  of  medicine.  The  author 
believes  that  such  a  book  is  needed,  inasmuch  as  no  treatise,  as  far  as  he  knows,  contains,  in 
addition  to  the  text  descriptive  of  the  subject,  a  systematic  presentation  of  such  anatomical 
facts  as  can  be  applied  to  practice. 

A  book  which  will  be  at  once  accurate  in  statement  and  concise  in  terms ;  which  will  be 
an  acceptable  expression  of  the  present  state  of  the  science  of  anatomy ;  which  will  exclude 
nothing  that  can  be  made  applicable  to  the  medical  art,  and  which  will  thus  embrace  all 
of  surgical  importance,  while  omitting  nothing  of  value  to  clinical  medicine, — would  appear 
to  have  an  excuse  for  existence  in  a  country  where  most  surgeons  are  general  practitioners, 
and  where  there  are  few  general  practitioners  who  have  no  interest  in  surgery. 

care,  and  are  simply  superb.    There  is  as  much 


It  is  to  be  considered  a  study  of  applied  anatomy 
In  its  widest  sense— a  systematic  presentation  of 
such  anatomical  facts  as  can  be  applied  to  the 
practice  of  medicine  as  well  as  of  surgery.  Our 
author  is  concise,  accurate  and  practical  in  his 
statements,  and  succeeds  admirably  in  infusing 
an  interest  into  the  study  of  what  is  generally  con- 
sidered a  dry  subject.  The  department  of  Histol- 
ogy is  treated  in  a  masterly  manner,  and  the 
ground  is  travelled  over  by  one  thoroughly  famil- 
iar with  it.    The  illustrations  are  made  witn  great 


of  practical  application  of  anatomical  points  to 
the  overy-day  wants  of  the  medical  clinician  as 
to  those  of  the  operating  surgeon.  In  fact,  few 
general  practitioners  will  read  the  work  without  a 
feeling  of  surprised  gratification  that  so  many 
points,  concerning  which  they  may  never  have 
thought  before  are  so  well  presented  for  their  con- 
sideration. It  is  a  work  which  is  destined  to  be 
the  best  of  its  kind  in  any  language. — Medical 
Record,  Nov.  25, 1882. 


CLARKJE, W.. B., F.M. C.S.  &  LOCMWOOD, C.  B.,  F.B. C.S, 

Demonstrators  of  Anatomy  at  St.  Bartholomew's  Hospital  Medical  School,  London. 
The  Dissector's  Manual.     In  one  pocket-size  12mo.  volume  of  396  pages,  with 
49  illustrations.     Limp  cloth,  red  edges,  $1.50.     See  Students^  Series  of  Manuals,  page  4. 

This  is  a  very  excellent  manual  for  the  use  of  the 
student  who  desires  to  learn  anatomy.  The  meth- 
ods of  demonstration  seem  to  tis  very  satisfactory. 


There  are  many  woodcuts  which,  for  the  most 


part,  are  good  and  instructive.  The  book  is  neat 
and  convenient.  We  are  glad  to  recommend  it. — 
Boston  Medical  and  Surgical  Journal,  Jan.  17, 1884. 


TBBVES,  FBEDEBICK,  F,  JR.  C,  S., 

Senior  Demonstrator  of  Anatomy  and  Assistant  Surgeon  at  the  London  Hospital. 
Surgical  Applied  Anatomy.     In  one  pocket-size  12mo.  volume  of  540  pages, 
with   61   illustrations.   Limp  cloth,  red   edges,  $2.00.     See  Students'  Series  of  Manxutls, 
page  4. 

q^uickened  by  daily  use  as  a  teacher  and  practi- 
tioner, has  enabled  our  author  to  prepare  a  work 
which  it  would  be  a  most  difficult  task  to  excel. — 
The  American  Practitioner  Feb.  1884. 


He  has  produced  a  work  which  will  command  a 
larger  circle  of  readers  than  the  class  for  which  it 
was  written.  This  union  of  a  thorough,  practical 
acquaintance  with  these  fundamental  branches, 


Prejmring. 


CVBJSOW,  JOMJS^,  M,  D.,  F,  B.  C.  B., 

Professor  of  Anatomy  at  King's  College,  Physician  at  King's  College  Hospital. 
Medical  Applied  Anatomy.     In  one  pocket-size   12mo.  volume. 
See  Students'  Series  of  Manuals,  page  4. 

BELLAMY,  EBWABD,  F.  B.  C.  S., 

Senior  Assistant-Surgeon  to  the  Charing-Cross  Hospital,  London. 

The  Student's  Guide  to  Surgical  Anatomy :  Being  a  Description  of  the 
most  Important  Surgical  Eegions  of  the  Human  Body,  and  intended  as  an  Introduction  to 
operative  Surgery.    In  one  12mo.  volume  of  oOO  pages,  with  50  illustrations.    Cloth,  $2.25. 


HARTSHORNE'S  HANDBOOK  OF  ANATOMY 
AND  PHYSIOLOGY.  Second  edition,  revised. 
In  one  royal  12mo.  volume  of  310  pages,  with  220 
woodcuts.    Cloth,  81.75. 


HORNER'S  SPECIAL  ANATOMY  AND  HISTOL- 
OGY. Eighth  edition,  extensively  revised  and 
modified.  In  two  octavo  volumes  of  liX)7  pages, 
with  320  woodcuts.    Cloth,  $6.00. 
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djrajpjEB,  josjsr  c.>  jr.  n.,  ll,  d., 

Professor  of  Chemistry  in  the  University  of  the  City  of  New  York. 

Medical  Physics.     A  Text-book  for  Students  and  Practitioners  of  Medicine, 
one  octavo  volume  of  734  pages,  with  376  woodcuts,  mostly  original.   Cloth,  |4. 
From  the  Preface. 

The  fact  that  a  knowledge  of  Pliysics  is  indispensable  to  a  thorough  understanding  of 
Medicine  has  not  been  as  fully  realized  in  this  country  as  in  Europe,  where  the  admirable 
works  of  Desplats  and  Gariel,  of  Kobertson  and  of  numerous  German  writers  constitute  a 
branch  of  educational  literature  to  which  we  can  show  no  parallel.  A  full  appreciation 
of  this  the  author  trusts  will  be  sufficient  justification  for  placing  in  book  form  the  sub- 
stance of  his  lectures  on  this  department  of  science,  delivered  during  many  years  at  the 
University  of  the  City  of  New  York. 

Broadly  speaking,  this  work  aims  to  impart  a  knowledge  of  the  relations  existing 
between  Physics  and  Medicine  in  their  latest  state  of  development,  and  to  embody  in  the 
pursuit  of  this  object  whatever  experience  the  author  has  gained  during  a  long  period  of 
teaching  this  special  branch  of  applied  science. 

This  elegant  and  useful  work  bears  ample  testi- 
mony to  the  learning  and  good  judgment  of  the 
author.  He  has  fitted  his  work  admirably  to  the 
exigencies  of  the  situation  by  presenting  the 
reader  with  brief,  clear  and  simple  statements  of 


such  propositions  as  he  is  by  necessity  required  to 
master.  The  subject  matter  is  well  arranged, 
liberally  illustrated  and  carefully  iodexed.  That 
it  will  take  rank  at  once  among  the  text-books  is 
certain,  and  it  is  to  be  hoped  that  it  will  find  a 
place  upon  the  shelf  of  the  practical  physician, 
where,  as  a  book  of  reference,  it  will  be  found 
useful  and  agreeable. — Louisville  Medical  News, 
September  26,  1885. 

Certainly  we  have  no  text-book  as  full  as  the  ex- 
cellent one  he  has  prepared.  It  begins  with  a 
statement  of  the  properties  of  matter  and  energy. 
After  these  the  special  departments  of  physics  are 


explained,  acoustics,  optics,  heat,  electricity  and 
magnetism,  closing  with  a  section  on  electro- 
biology.  The  applications  of  all  these  to  physiology 
and  medicine  are  kept  constantly  in  view.  The 
text  is  amply  illustrated  and  the  many  difficult 
points  of  the  subject  are  brought  forward  with  re- 
markable clearness  and  ahihty.— Medical  and  Surg- 
ical Reporter,  July  18,  1885. 

That  this  work  will  greatly  facilitate  the  study 
of  medical  physics  is  apparent  upon  even  a  mere 
cursory  examination,  it  is  marked  by  that  scien- 
tific accuracy  which  always  characterizes  Dr. 
Draper's  writings.  Its  peculiar  value  lies  in  the 
fact  that  it  is  written  from  the  standpoint  of  the 
medical  man.  Hence  much  is  omitted  that  ap- 
pears in  a  mere  treatise  on  physical  science,  while 
much  is  inserted  of  peculiar  value  to  the  physi- 
cian.—Medical  Record,  August  22, 1885. 


MOBERTSOW,  J,  MeGMEGOM,  M.  A,,  M,  B., 

Muirhead  Demonstrator  of  Physiology,  University  of  Glasgow. 
Physiological  Physics.     In  one  12mo.  volume  of  537  pages,  with  219  illustra- 
tions.    Limp  cloth,  $2.00.     See  Students'  Series  of  Manuals,  page  4. 

The  title  of  this  work  sufficiently  explains  the 
nature  of  its  contents.  It  is  designed  as  a  man- 
ual for  the  student  of  medicine,  an  auxiliary  to 
his  text-book  in  physiology,  and  it  woul  d  be  particu- 
larly useful  as  a  guide  to  his  laboratory  experi- 


ments. It  will  be  found  of  great  value  to  the 
practitioner.  It  is  a  carefully  prepared  book  of 
reference,  concise  and  accurate,  and  as  such  we 
heartily  recommend  it. — Journal  of  the  American 
Medical  Association,  Dec.  6, 1884. 


jyALTOJSr,  JOMW  C,  M,  D., 

Professor  Emeritus  of  Physiology  in  the  College  of  Physicians  and  Surgeons,  New  York. 

Doctrines  of  the  Circulation  of  the  Blood.  A  History  of  Physiological 
Opinion  and  Discovery  in  regard  to  the  Circulation  of  the  Blood.  In  one  handsome 
12mo.  volume  of  293  pages.     Cloth,  $2. 

revolutionized  the  theories  of  teachers,  than  the 
discovery  of  the  circulation  of  the  blood.  This 
explains  the  extraordinary  interest  it  has  to  all 
medical  historians.  The  volume  before  us  is  one  ' 
of  three  or  four  which  have  been  written  within  a 
few  years  by  American  physicians.  It  is  in  several 
respects  the  most  complete.  The  volume,  though 
small  in  size,  is  one  of  the  most  creditable  con- 
tributions from  an  American  pen  to  medical  history 
that  has  appeared.— ilffid.  &  Surg.  Rep.,  Dec.  6, 1884. 


Dr.  Dalton's  work  is  the  fruit  of  the  deep  research 
of  a  cultured  mind,  and  to  the  busy  practitioner  it 
cannot  fail  to  be  a  source  of  instruction.  It  will 
inspire  him  with  a  feeling  of  gratitute  and  admir- 
ation for  those  plodding  workers  of  olden  times, 
who  laid  the  foundation  of  the  magnificent  temple 
of  medical  science  as  it  now  stanc  s.—New  Orleans 
Medical  and  Surgical  Journal,  Aug,  I  885. 

In  the  progress  of  physiologic  a.  study  no  fact 
was  of  greater  moment,  none  ir  ore  completely 


BJELL,  F.  JEFFHET,  M,  A., 

Professor  of  Comparative  Anatomy  at  King's  College,  London. 

Comparative  Physiology  and  Anatomy.  In  one  12mo.  volume  of  561  pages, 
with  229  illustrations.  Limp  cloth,  $2.00.     See  Students'  Series  of  Manuals,  page  4. 

it  the  best  work    in    existence    in    the  English 


The  manual  is  preeminently  a  student's  book- 
clear  and  simple  in  language  and  arrangement. 
It  is  well  and  abundantly  illustrated,  and  is  read- 
able and  interesting.    On  the  whole  we  consider 


language  to  place  in  the  hands  of  the    medical 
student. — Bristol  Medico- Cliirurgical  Journal,  Mar., 


ELLIS,  GEOMGE  VUSTEIt, 

Emeritus  Professor  of  Anatomy  in  University  College,  London. 
Demonstrations    of   Anatomy.      Being  a  Guide  to  the   Knowledge   of   the 
Human  Body  by  Dissection.     From  the  eighth  and  revised  London  edition.     In  one  very 
handsome  octavo  volume  of  716  pages,  with  249  illustrations.    Cloth,  $4.25 ;  leather,  $5.25. 

MOBEMTS,  JOHJS^  B,,  A.  M,,  M,  D., 

Prof,  of  Applied  Anat.  and  Oper.  Surg,  in  Phila.  Polyclinic  and  Coll.  for  Oraduates  in  Medicine. 
The  Compend  of  Anatomy.     For  use  in  the  dissecting-room  and  in  preparing 
for  examinations.     In  one  16mo.  volume  of  196  pages.     Limp  cloth,  75  cents. 
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jyALTOW,  JOHN  C,  M.  D., 

Professor  of  Physiology  in  the  College  of  Physicians  and  Surgeons,  Nev>  York,  etc. 

A  Treatise  on  Human  Physiology.  Designed  for  the  use  of  Students  and 
Practitioners  of  Medicine.  Seventh  edition,  thoroughly  revised  and  rewritten.  In  one 
very  handsomeoctavo  volume  of  722  pages,  with  252  beautiful  engravings  on  wood.  Cloth, 
$5.00 ;  leather,   $6.00 ;  very  handsome  half  Russia,  raised  bands,  |6.50. 


This  edition  of  Dr.  Dalton's  well-known  work 
bears  evidence  of  having  been  thoroughly  and 
carefully  revised.  From  the  first  appearance  of 
the  book  it  has  been  a  favorite,  owing  as  well  to 
the  author's  renown  as  an  oral  teacher  as  to  the 
charm  of  simplicity  with  which,  as  a  writer,  he 
always  succeeds  in  investing  even  intricate  sub- 
jects It  must  be  gratifying  to  him  to  observe  the 
frequency  with  which  his  work, written  for  students 
and  practitioners,  is  quoted  by  other  writers  on 
physiology.  This  fact  attests  its  value,  and,  in 
great  measure,  its  originality.  It  now  needs  no 
such  seal  of  approbation,  however,  for  the  thou- 
sands who  have  studied  it  in  its  various  editions 
have  never  been  in  any  doubt  as  to  its  sterling 
worth.— iV.  Y.  Medical  Journal  and  Obstetrical  Re- 
vieio,  Oct.  1882. 

Professor  Dalton's  well-known  and  deservedly- 
appreciated  work  has  long  passed  the  stage  at 
which  it  could  be  reviewed  in  the  ordinary  sense. 
The  work  is  eminently  one  for  the  medical  prac- 
titioner, since  it  treats  most  fully  of  those  branches 


of  physiology  which  have  a  direct  bearing  on  the 
diagnosis  and  treatment  of  disease.  The  work  is 
one  which  we  can  highly  recommend  to  all  our 
readers. — Dublin  Journal  of  Medical  Science,  Feb.'83. 

Certainly  no  physiological  work  as  ever  issued 
from  the  press  that  presented  its  subject-matter  in 
a  clearer  and  more  attractive  light.  Almost  every 
page  bears  evidence  of  the  exhaustive  revision 
that  has  taken  place.  The  material  is  placed  in  a 
more  compact  form,  yet  its  delightful  charm  is  re- 
tained, and  no  subject  is  thrown  into  obscurity. 
Altogether  this  edition  is  far  in  advance  of  any 
previous  one,  and  will  tend  to  keep  the  profession 
posted  as  to  the  most  recent  additions  to  our 
physiological  knowledge. — Michigan  Medical  News, 
April,  1882. 

One  can  scarcely  open  a  college  catalogue  that 
does  not  have  mention  of  Dalton's  Physiology  as 
the  recommended  text  or  consultation-book. '  For 
American  s-udents  we  would  unreservedly  recom- 
mend Dr.  Dalton's  work. —  Va.Med.Monthly,July,''82. 


FOSTBM,  MICHAEL,  M.  J>.,  F,  B.  S., 

Prelector  in  Physiology  and  Fellow  of  Trinity  College,  Cambridge,  England. 
Text-Book  of  Physiology.     Third  American  from  the  fourth  English  edition, 
with  notes  and  additions  by  E.  T.  Reicheet,  M.  D.,  Professor  of  Physiology  in  the  Uni- 
versity of  Pennsylvania.     In  one  handsome  royal  12mo.  volume  of  908  pages,  with  271 
illustrations.    Cloth,  $3.25 ;  leather,  $3.75. 


Dr.  Foster's  work  upon  physiology  is  so  well- 
known  as  a  text-book  in  this  country,  thatitneeds 
but  little  to  be  said  in  regard  to  it.  There  is 
scarcely  a  medical  college  in  the  United  States 
where  it  is  not  in  the  hands  of  the  students.  The 
author,  more  than  any  other  writer  with  whom 
we  are  acquainted,  seems  to  understand  what 
portions  of  the  science  are  essential  for  students 
to  know  and  what  may  be  passed  over  by  them  as 
not  important.  From  the  beginning  to  the  end, 
physiology  is  taught  in  a  systematic  manner.  To 
this  third  American  edition  numerous  additions, 
corrections  and  alterations  have  been  made,  so 
that  in  its  present  form  the  usefulness  of  the  book 


will  be  found  to  be  much  increased.— Cmcimia^i 
Medical  News,  July  1885. 

For  several  years  Foster's  Physiology  has  occu- 
pied a  peculiar  and  quite  enviable  position  among 
the  text  books  on  this  most  important  branch  of 
medicine.  In  the  highest  sense  scientific,  it 
sh.ould  nevertheless  be  the  constant  companion 
of  every  student  of  medicine.  To  the  student 
who  is  not  engaged  in  special  physiological  study 
it  should  be  the  most  constant  book  of  reference, 
while  to  him  who  is  specially  engaged  in  physio- 
logical work  it  is  an  absolute  Tiecessity.— Journal 
of  the  American  Medical  .4ssociaitow,August  29,1885. 


FOWEM,  MEJS^HY,  M,  B,,  F.  M,  C.  S., 

Examiner  in  Physiology,  Royal  College  of  Surgeons  of  England. 
Human  Physiology.     "In  one  handsome  pocket-size  12mo.  volume  of  396  pages, 
with  47  illustrations.     Cloth,  $1.50.     See  Students'  Series  of  Manuals,  page  3. 


The  prominent  character  of  this  work  is  that  of 
judicious  condensation,  in  which  an  able  and  suc- 
cessful effort  appears  to  have  been  made  by  its 
accomplished  author  to  teach  the  greatest  number 
of  facts  in  the  fewest  possible  words.  The  result 
is  a  specimen  of  concentrated  intellectual  pabu- 
lum seldom  surpassed,  which  ought  to  be  care- 
fully ingested  and  digested  by  every  practitioner 
who  desires  to  keep  himself  well  informed  upon 
this  most  progressive  of  the  medical  sciences. 
The  volume  is  one  which  we  cordially  recommend 


to  every  one  of  our  readers. —  The  American  Jour- 
nal of  the  Medical  Sciences,  October,  1884. 

This  little  work  is  deserving  of  the  highest 
praise,  and  we  can  hardly  conceive  how  the  main 
facts  of  this  science  could  have  been  more  clearly 
or  concisely  stated.  The  price  of  the  work  is  sucn 
as  to  place  "it  within  the  reach  of  all,  while  the  ex- 
cellence of  its  text  will  certainly  secure  for  it  moat 
favorable  commendation  — Cincinnati  Lancet  and 
Clinic,  Feb.  16, 1884. 


SIMON,  IF.,  Fh,  !>.,  M.  B,, 

Professor  of  Chemistry  and  Toxicology  in  the  College  of  Physicians  and  Surgeons,  Baltimore,  and 

Professor  of  Chemistry  in  the  Maryland  College  of  Pharmacy. 
Manual  of  Chemistry.  A  Guide  to  Lectures  and  Laboratory  work  for  Beginners 
in  Chemistry.  A  Text-book,  specially  adapted  for  Students  of  Pharmacy  and  Medicine. 
In  one  8vo.  vol.  of  410  pp.,  with  16  woodcuts  and  7  plates,  mostly  of  actual  deposits, 
with  colors  illustrating  56  of  the  most  important  chemical  reactions.  Cloth,  $3.00 ;  also 
without  plates,   cloth,  $2.50. 


This  book  supplies  a  want  long  felt  by  .students 
of  medicine  and  pharmacy,  and  is  a  concise  but 
thorough  treatise  on  the  subject.  The  long  expe- 
rience of  the  author  as  a  teacher  in  schools  of 
medicine  and  pharmacy  is  conspicuous  in  the 
perfect  adaptation  of  the  work  to  the  special  needs 
of  the  student  of  these  branches.     The  colored  1 


plates,  beautifully  executed,  illustrating  precipi- 
tates of  various  reactions,  form  a  novel  and  valu- 
able feature  of  the  book,  and  cannot  fail  to  be  ap- 
preciated by  both  student  and  teacher  as  a  help 
over  the  hard  places  of  the  science.— Maryland 
Medical  Journal,  Nov.  22,  1884. 


Wohler's  Outlines  of  Organic  Chemistry.     Edited  by  Fittig.    Translated 
by  Ira  Remsen,  M.  D.,  Ph.  D.     In  one  12mo.  volume  of  550  pages.     Cloth,  $3. 

LEHMANN'S  MANUAL  OF  CHEMICAi71>HYSrrCARPEN'rER^ PRIZE  ESSAY  ONTHEUSEAND 
lOLOOY.  In  one  octavo  volume  of  327  pages,  |  Abuse  of  Alcohomo  Liquors  in  Hkalth  and  Dis- 
with  41  illustrations.    Cloth,  82.2.').  I      ease.  With  explanations  of  scientific  words.  Small 

CARPENTER'S  HUMAN  PHYSIOLOCY.    Edited        12mo.    178  pages.    Cloth.  60  cents. 

by  IlENnv  PowEB.    In  one  octavo  volume.  I  GALLOWAY'S  QUALITATIVE  ANALYSIS. 
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FOWNES,  GEOJRGB,  JPh.  D. 

A  Manual  of  Elementary  Chemistry;  Theoretical  and  Practical.  Em- 
bodying Watts'  Physical  Inorganic  Chemistry.  New  American  edition.  In  one  large 
royal  12mo.  volume  of  1061  pages,  with  168  illustrations  on  wood  and  a  colored  plate. 
Cloth,  12.75 ;  leather,  |3.25. 


ry  and  in  England,    as 
by  the  making  of  new 


Fownes'  Chemistry  has  been  a  standard  text- 
book upon  chemistry  for  many  years.  Its  merits 
are  very  fully  known  by  chemists  anji  physicians 
everywhere  in  this  country  ai 
the  science  has  advanced 

discoveries,  the  work  has  been  revised  so  as  to 
keep  it  abreast  of  the  times.  It  has  steadily 
maintained  its  position  as  a  text  book  with  medi- 
cal students.  In  this  work  are  treated  fully:  Heat, 
Light  and  Electricity,  including  Magnetism.  The 
influence  exerted  by  these  iforces  in  chemical 
action  upon  health  and  disease,  etc.,  is  of  the  most 
important  kind,  and  should  be  familiar  to  every 
medical  practitioner.  "We  can  commend  the 
work  as  one  of  the   very  best  text-books    upon 


chemistry  extant.— Oincinnafi  Medical  News,  Oc- 
tober, 1885. 

Of  all  the  works  on  chemistry  intended  for  the 
use  of  medical  students,  Fownes'  Chemintry  is 
perhaps  the  most  widely  used.  Its  popularity  i^ 
based  upon  its  excellence.  This  last  edition  con- 
tains all  of  the  material  found  in  the  previous, 
and  it  is  also  enriched  by  the  addition  of  Watts' 
Physical  and  Inorganic  Chemistry.  All  of  the  mat- 
ter is  brought  to  the  present  standpoint  of  chemi- 
cal knowledge.  We  may  safely  predict  for  this 
work  a  continuance  of  the  fame  and  favor  it  enjoys 
among  medical  students.— iVeto  Orleans  Medical 
and  Surgical  Journal,  March,  1886. 


FRANKLANjy,  B.,  D.  C,  i.,  F, B.S.,  i&JAFP,  F,  M.,  F.  I.  C, 


Professor  of  Chemistry  in  the  Normal  School 
of  Science,  London. 


Assist.  Prof,  of  Chemistry  in  the  Normal 
School  of  Science,  London. 


Inorganic  Chemistry.     In  one  handsome  octavo  volume  of  677  pages  with  51 
woodcuts  and  2  plates.     Cloth,  $3.75  ;  leather,  |4.75. 

This  excellent  treatise  will  not  fail  to  take  its 
place  as  one  of  the  very  best  on  the  subject  of 


This  work  should  supersede  other  works  of  its 
class  in  the  medical  colleges.  Itis  certainly  better 
adapted  than  any  work  upon  chemistry,with  which 
we  are  acquainted,  to  impart  that  clear  and  full 
knowledge  of  the  science  which  students  of  med- 
icine should  have.  Physicians  who  feel  that  their 
chemical  knowledge  is  behind  the  times,  would 
do  well  to  devote  some  of  their  leisure  time  to  the 
study  of  this  work.  The  descriptions  and  demon- 
strations are  made  so  plain  that  there  is  no  diffi- 
culty in  understanding  them.— Cincinnati  Medical 
News,  January,  1886. 


which  it  treats.  We  have  been  much  pleased 
with  the  comprehensive  and  lucid  manner  in 
which  the  difficulties  of  chemical  notation  and 
nomenclature  have  been  cleared  up  by  the  writers. 
It  shows  on  every  page  that  the  problem  of 
rendering  the  obscurities  of  this  science  easy 
of  comprehension  has  long  and  successfully 
engaged  the  attention  of  the  B,nthoTa.— Medical 
and  Surgical  Reporter,  October  31, 1885. 


ATTFIELJD,  JOSN,  Fh,  JD., 

Professor  of  Practical  Chemistry  to  the  Pharmaceutical  Society  of  Oreat  Britain,  etc. 

Chemistry,  General,  Medical  and  Pharmaceutical;  Including  the  Chem- 
istry of  the  U.  S.  Pharmacopoeia.  A  Manual  of  the  General  Principles  of  the  Science, 
and  their  Application  to  Medicine  and  Pharmacy.  A  new  American,  from  the  tenth 
English  edition,  specially  revised  by  the  Author.  In  one  handsome  royal  12mo.  volume 
of  728  pages,  with  87  illustrations.     Cloth,  $2.50 ;  leather,  $3.00. 

A  text-book  which  passes  through  ten  editions 
in  sixteen  years  must  have  good  qualities.  This 
remark  is  certainly  applicable  to  Attfleld's  Chem- 
istry, a  book  which  is  so  well  known  that  it  is 
hardly  necessary  to  do  more  than  note  the  appear- 
ance of  this  new  and  improved  edition.  It  seems, 
however,  desirable  to  point  out  that  feature  of  the 
book  which,  in  all  probability,  has  made  it  so 
popular.  There  can  be  little  doubt  that  it  is  its 
thoroughly  practical  character,  the  expression 
being  used  in  its  best  sense.  The  author  under- 
stands what  the  student  ought  to  learn,  and  is  able 


to  put  himself  in  the  student's  place  and  to  appre^ 
ciate  his  state  of  raindi.— American  Chemical  Jowr- 
nal,  April,  1884. 

It  is  a  book  on  which  too  much  praise  cannot  be 
bestowed.  As  a  text-book  for  medical  schools  it 
is  unsurpassable  in  the  present  state  of  chemical 
science,  and  having  been  prepared  with  a  special 
view  towards  medicine  and  pharmacy,  it  is  alike 
indispensable  to  all  persons  engaged  in  those  de- 
partments of  science.  It  includes  the  whole 
chemistry  of  the  last  Pharmacopoeia. — Pacific  Medi- 
cal and  Surgical  Journal,  Jan.  1884. 


BLOXAM,  CMAMLES  L., 

Professor  of  Chemistry  in  King's  College,  London. 

Chemistry,  Inorganic  and  Organic.  New  American  from  the  fifth  Lon- 
don edition,  thoroughly  revised  and  much  improved.  In  one  very  handsome  octavo 
volume  of  727  pages,  with  292  illustrations.     Cloth,  $3.75 ;  leather,  $4.75. 

Comment  from  us  on  this  standard  work  is  al- 
most superfluous.  It  differs  widely  in  scope  and 
aim  from  that  of  Attfield,  and  in  its  way  is  equally 
beyond  criticism.    It  adopts  the  most  direct  meth- 


ods in  stating  the  principles,  hypotheses  and  facts 
of  the  science.  Its  language  is  so  terse  and  lucid, 
and  its  arrangement  of  matter  so  logical  in  se- 
quence that  the  student  never    has  occasion  to 


complain  that  chemistry  is  a  hard  study.  Much 
attention  is  paid  to  experimental  illustrations  of 
chemical  principles  and  phenomena,  and  the 
mode  of  conducting  these  experiments.  The  book 
maintains  the  position  it  has  always  held  as  one  of 
the  best  manuals  of  general  chemistry  In  the  Eng- 
lish language.— J)eiroii  Lancet,  Feb.  1884. 


MEMSEJ^,  IMA,  M.  !>.,  Fh,  D., 

Professor  of  Chemistry  in  the  Johns  Hopkins  University,  Baltimore. 
Principles  of  Theoretical  Chemistry,  with  special  reference  to  the  Constitu- 
tion of  Chemical  Compounds.    Second  and  revised  edition.    In  one  handsome  royal  12mo. 
volume  of  240  pages.     Qoth,  $1.75. 


That  in  so  few  years  a  second  edition  has  been 
called  for  indicates  that  many  chemical  teachers 
have  been  found  ready  to  endorse  its  plan  and  to 
adopt  its  methods.  In  this  edition  a  considerable 
proportion  of  the  book  has  been  rewritten,  much 


new  matter  has  been  added  and  the  whole  has  been 
brought  up  to  date.  We  earnestly  commend  this 
book  to  every  student  of  chemiatry.— American 
Journal  of  Science,  March,  1884. 
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CMABZJES,  T.  CBANSTOVJS^,  M.  D.,  F,  C,  S.,  M,  S., 

Formerly  Asst.  Prof,  and  Demonst.  of  Chemistry  and  Chemical  Physics,  Queen's  College,  Belfast. 

The  Elements  of  Physiological  and  Pathological  Chemistry.     A 

Handbook  for  Medical  Students  and  Practitioners.  Containing  a  general  account  of 
Nutrition,  Foods  and  Digestion,  and  the  Chemistry  of  the  Tissues,  Organs,  Secretions  and 
Excretions  of  the  Body  in  Health  and  in  Disease,  Together  with  the  methods  for  pre- 
paring or  separating  tlieir  chief  constituents,  as  also  for  their  examination  in  detail,  and 
an  outline  syllabus  of  a  practical  course  of  instruction  for  students.  In  one  handsome  octavo 
volume  of  463  pages,  with  38  woodcuts  and  1  colored  plate.     Cloth,  $3.50. 

The  work  is  thoroughly  trustworthy,  and  in- 
formed throughout  by  a  genuine  scientific  spirit. 
The  author  deals  with  the  chemistry  of  the  diges 


tive  secretions  in  a  systematic  manner,  which 
leaves  nothing  to  be  desired,  and  in  reality  sup- 
plies a  want  in  English  literature.  The  book  ap- 
pears to  us  to  be  at  once  full  and  systematic,  and 
to  show  a  just  appreciation  of  the  relative  import- 
ance of  the  various  subjects  dealt  with. — British 
Medical  Journal,  November  29,  1884. 


Dr.  Charles'  manual  admirably  fulfils  its  inten- 
tion of  giving  his  readers  on  the  one  hand  a  sum- 
mary, comprehensive  but  remarkably  compact,  of 
the  mass  of  facts  in  the  sciences  which  have  be- 
come indispensable  to  the  physician  ;  and,  on  the 
other  hand,  of  a  system  of  practical  directions  so 
minute  that  analyses  often  considered  formidable 
may  be  pursued  by  any  intelligent  person.— 
Archives  of  Medicine,  Dec.  1884. 


MOFFMAJSrW,  F,,  A.3I.,  JP]i,I>.,  &  FOWFB  F,B.,  Fh.I),, 

Public  Analyst  to  the  State  of  New  York.  Prof,  of  Anal.  Chem.  in  the  Phil.  Coll.  of  Pharmacy. 

A  Manual  of  Chemical  Analysis,  as  applied  to  the  Examination  of  Medicinal 
Chemicals  and  their  Preparations.  Being  a  Guide  for  the  Determination  of  their  Identity 
and  Quality,  and  for  the  Detection  of  Impurities  and  Adulterations.  For  the  use  of 
Pharmacists,  Physicians,  Druggists  and  Manufacturing  Chemists,  and  Pharmaceutical  and 
Medical  Students.  Third  edition,  entirely  rewritten  and  much  enlarged.  In  one  very 
handsome  octavo  volume  of  621  pages,  with  179  illustrations.    Cloth,  $4.25. 

We  congratulate  the  author  on  the  appearance  tion  of  them  singularly  explicit.  Moreover,  it  is 
of  the  third  edition  of  this  work,  published  for  the  exceptionally  free  from  typographical  errors.  We 
first  time  in  this  country  also.  It  is  admirable  and  have  no  hesitation  in  recommending  it  to  .those 
the  information  it  undertakes-  to  supply  is  both  who  are  engaged  either  in  the  manufacture  or  the 
extensive  and  trustworthy.  The  selection  of  pro-  testing  of  medicinal  chemicals.— Xoradon  Pharma- 
cesses  for  determining  the  purity  of  the  substan-  ceutical  Journal  and  Transactions,  1883. 
ces  of  which  it  treats  is  excellent  and  the  descrip- 


CLOWES,  FMAJSIS:,  D.  Sc,  London, 

Senior  Science-Master  at  the  High  School,  Newcastle-under-Lyme,  etc. 

An  Elementary  Treatise  on  Practical  Chemistry  and  Qualitative 
Inorganic  Analysis.  Specially  adapted  for  use  in  the  Laboratories  of  Schools  and 
Colleges  and  by  Beginners,  Third  American  from  the  fourth  and  revised  English  edition. 
In  one  very  handsome  royal  12mo,  volume  of  387   pages,  with  55  illustrations.    Cloth, 

$2.50. 

The  style  is  clear,  the  language  terse  and  vigor- 
ous. Beginning  with  a  list  of  apparatus  necessary 
for  chemical  work,  he  gradually  unfolds  the  sub- 
ject from  its  simpler  to  its  more  complex  divisions. 
It  is  the  most  readable  book  of  the  kind  we  have 
yet  seen,  and  is  without  doubt  a  systematic, 
intelligible  and  fully  equipped  laboratory  guide 


and  text  book.— Medical  Record,  July  18, 1885. 

We  may  simply  repeat  the  favorable  opinion 
which  we  expressed  after  the  examination  of  the 
previous  edition  of  this  work.  It  is  practical  in  its 
aims,  and  accurate  and  concise  in  its  statements. 
—American  Journal  of  Pharmacy,  August,  1885. 


BALFF,  CHAMLFS  M,,  M,  J>.,  J^.  JR.  O.  F,, 

Assistant  Physician  at  the  London  Hospital. 
Clinical  Chemistry.     In  one  pocket-size  12mo.  volume  of  314  pages,  with  16 


illustrations.  Limp  cloth,  red  edges,  $1.50. 
This  is  one  of  the  most  instructive  little  works 
that  we  have  met  with  in  a  long  time.  The  author 
is  a  physician  and  physiologist,  as  well  as  a  chem- 
ist, consequently  the  book  is  unqualifiedly  prac- 
tical, telling  the  physician  just  wnat  he  ougnt  to 
know,  of  the  applications  of  chemistry  in  medi- 


See  Students'  Series  of  Manuals,  page  4. 
cine.  Dr.  Ralfe  is  thoroughly  acquainted  with  the 
latest  contributions  to  his  science,  and  it  is  quite 
refreshing  to  find  the  subject  dealt  with  so  clearly 
and  simply,  yet  in  such  evident  harmony  with  the 
modern  scientific  methods  and  spirit.— ilfedicoi 
Record,  February  2, 1884. 


CLASSFN,  ALFXAWnFB, 

Professor  in  the  Royal  Polytechnic  School,  Aix-la-Chapelle. 
Elementary  Quantitative  Analysis.    Translated,  with  notes  and  additions,  by 
Edgar  F,  Smith.  Ph.  D.,  Assistant  Professor  of  Chemistry  in  the  Towne  Scientific  School, 
University  of  Penna,     In  one  12mo,  volume  of  324  pages,  with  36  illust.     Cloth,  $2.00, 


It  is  probably  the  best  manual  of  an  elementary 
nature  extant  insomuch  as  its  methods  are  the 
best.  It  teaches  by  examples,  commencing  with 
single    determinations,    followed  by  separations, 


and  then  advancing  to  the  analysis  of  minerals  and 
such  products  as  are  met  with  in  applied  chemis- 
try. It  is  an  indispensable  book  for  students  in 
chemistry.— .Boston  Journal  of  Chemistry,  Oct.  1878. 


GBEFNF,  WILLIAM  JEL,,  M,  jD., 

Demonstrator  of  Chemistry  in  the  Medical  Department  of  the  University  of  Pennsylvania. 
A  Manual  of  Medical  Chemistry.  For  the  use  of  Students.  Based  upon  Bow- 
man's Medical  Chemistry.  In  one  12mo.  volume  of  310  pages,  with  74  illus.  Cloth,  $1.75, 
It  is  a  concise  manual  of  three  hundred  pages,  i  the  recognition  of  compounds  due  to  pathological 
giving  an  excellent  summary  of  the  best  methods  I  conditions.  The  detection  of  poisons  is  treated 
of  analyzing  the  liquids  and  solids  of  the  body,  both  with  sufficient  fulness  for  the  purpose  of  thestu- 
for  the  estimation  of  their  normal  constituents  and  1  dent  or  practitioner. — Boston  Jl.  of  Chem.  June,'80. 
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BBUWTOJV^,  T,  LAVJDBU,  M.I>,,  D.Sc,  F.B.S.,  F.M.CP., 

Lecturer  on  Materia  Medica  and  Therapeutics  at  St.  Bartholomew's  Hospital,  London,  etc. 

A  Text-book  of  Pharmacology,  Therapeutics  and  Materia  Medica; 

Including  tJie  Pharmacy,  the  Physiological  Action  and  the  Therapeutical  Uses  of  Drugs. 
In  one  handsome  octavo  volume  of  1033  pages,  with  188  illustrations.  Cloth,  $5.50 ; 
leather,  $6.50.     Just  ready. 


It  is  a  scientific  treatise  worthy  to  be  ranked  with 
the  highest  productions  in  physiology,  either  in 
our  own  or  any  other  language.  Everything  is 
practical,  the  dry,  hard  facts  of  physiology  being 
pressed  into  service  and  applied  to  the  treatment 
of  the  commonest  complaints.  The  information 
is  so  systematically  arranged  that  it  is  available 
for  immediate  use.  The  index  is  so  carefully 
compiled  that  a  reference  to  any  special  point  Is 
at  once  obtainable.  Dr.  Brunton  is  never  satisfied 
with  vague  generalities,  but  gives  clear  and  pre- 
cise directions  for  prescribing  the  various  drugs 
and  preparations.  We  congratulate  students  on 
being  at  last  placed  in  possession  of  a  scientific 
treatise  of  enormous  practical  importance. — The 
London  Lancet,  June  27, 1885. 

Of  all  the  numerous  publications  of  this  year 


upon  the  subject  of  Pharmacology  the  compre- 
hensive work  of  Brunton  is  clearly  the  most 
important,  and  is  beyond  question  the  foremost 
English  handbook  of  Materia  Medica  and  Thera- 
peutics since  the  appearance  of  Pereira's  Elements 
of  Materia  Bledica  in  1842.  It  is  original  both  in 
the  arrangement  of  the  subjects  and  in  the  mode 
of ■  treatment,  and  develops  in  a  comprehensive 
manner  the  foundation  principles  of  the  science 
of  Pharmacology  without  leaving  the  needs  of  the 
practitioner  out  of  sight  for  an  instant.  In  fact, 
the  author  has  written  a  book  which  deserves  to 
be  known  far  beyond  the  boundaries  of  England, 
and  can  serve  as  a  model  for  the  pharmacological 
works  of  the  continent  on  account  of  its  happy 
combination  of  theory  with  practice.— Firc/ioM)'« 
Jahresbericht,  Berlin,  1886. 


BAMItlSH,  EDWAMJy, 

Late  Professor  of  the  Theory  and  Practice  of  Pharmacy  in  the  Philadelphia  College  of  Pharmacy. 
A  Treatise  on  Pharmacy :   designed  as  a  Text-book  for  the  Student,  and  as  a 
Guide  for  the  Physician  and  Pharmaceutist.     With  many  Formulae  and   Prescriptions. 
Fifth  edition,  thoroughly  revised,  by  Thomas  S.  Wiegand,  Ph.  G.     In  one  handsome 
octavo  volume  of  1093  pages,  with  256  illustrations.     Cloth,  $5 ;  leather,  $6. 


No  thoroughgoing  pharmacist  will  fail  to  possess 
himself  of  so  useful  a  guide  to  practice,  and  no 
physician  who  properly  estimates  the  value  of  an 
accurate  knowledge  of  the  remedial  agents  em- 
ployed by  hira  in  daily  practice,  so  far  as  their 
miscibility,  compatibility  and  most  effective  meth- 
ods of  combination  are  concerned,  can  afford  to 
leave  this  work  out  of  the  list  of  their  works  of 
reference.  The  country  practitioner,  who  must 
always  be  in  a  measure  his  own  pharmacist,  will 
find  it  indispensable. — Louisville  Medical  News, 
March  29, 1884. 

This  well-known  work  presents  itself  now  based 
upon   the   recently  revised  new   Pharmacopceia. 


Each  page  bears  evidence  of  the  care  bestowed 
upon  it,  and  conveys  valuable  information  from 
the  rich  store  of  the  editor's  experience.  In  fact, 
all  that  relates  to  practical  pharmacy — apparatus, 
processes  and  dispensing— has  been  arranged  and 
described  with  clearness  in  its  various  aspects,  so 
as  to  afford  aid  and  advice  alike  to  the  student  and 
to  the  practical  pharmacist.  The  work  is  judi- 
ciously illustrated  with  good  woodcuts — American 
Journal  of_  Pharmacy,  January,  1884. 

There  is  nothing  to  equal  Parrish's  Pharmacy 
in  this  or  any  other  language. — London  Pharmor 
ceutical  Journal. 


SBJRIIAJSW,  Br,  B., 

Professor  of  Physiology  in  the  University  of  Zurich. 
Experimental  Pharmacology.  A  Handbook  of  Methods  for  Determining  the 
Physiological  Actions  of  Drugs.  Translated,  with  the  Author's  permission,  and  with 
extensive  additions,  by  Egbert  Meade  Smith,  M.  D.,  Demonstrator  of  Physiology  in  the 
University  of  Pennsylvania.  In  one  handsome  12mo.  volume  of  199  pages,  with  32 
illustrations.     Cloth,  $1.50. 

MAISCH,  JOWNM,,  Bhar,  bI, 

Professor  of  Materia  Medica  and  Botany  in  the  Philadelphia  College  of  Pharmacy. 
A  Manual  of  Organic  Materia  Medica;  Being  a  Guide  to  Materia  Medica  of 
the  Vegetable  and  Animal  Kingdoms.     For  the  use  of  Students,  Druggists,  Pharmacists 
and  Physicians.     Second  edition.     In  one  handsome  royal  12mo.  volume  of  526  pages, 
with  242  illustrations.     Cloth,  $3.00. 


This  work  contains  the  substance, — the  practical 
"kernel  of  the  nut"  picked  out,  so  that  the  stu- 
dent has  no  superfluous  labor.  He  can  confidently 
accept  what  this  work  places  before  him,  without 
any  fear  that  the  gist  of  the  matter  is  not  in  it. 
Another  merit  is  that  the  drugs  are  placed  before 
him  in  such  a  manner  as  to  simplify  very  much 
the  study  of  them,  enabling  the  mind  to  grasp 
them  more  readily.    The  illustrations  are  most 


excellent,  being  very  true  to  nature,  and  are  alone 
worth  the  price  of  the  book  to  the  student.  To  the 
practical  physician  and  pharmacist  it  is  a  valuable 
work  for  handy  reference  and  for  keeping  fresh 
in  the  memory  the  knowledge  of  materia  medica 
and  botany  already  acquired.  We  can  and  do 
heartily  recommend  it. — Medical  and  Surgical  Re- 
porter, Feb.  14, 1885. 


BBJJCE,  J,  MITCHBLL,  M.  B,,  F.  B,  C.  B., 

Physician  and  Lecturer  on  Materia  Medica  and  Therapeutics  at  Charing  Cross  Hospital,  London. 
Materia   Medica  and  Therapeutics.    An  Introduction  to  Eational  Treat- 
ment.    Fourth   edition.     In  one  pocket-size  12mo.  volume  of  591  pages.     Limp  cloth, 
$1.50.     See  Students'  Series  of  Manuals,  page  4. 

GBIFFITM,  BOBEBT  EGLESFIBBB,  M,  B. 

_  A  Universal  Formulary,  containing  the  Methods  of  Preparing  and  Adminis- 
tering Officinal  and  other  Medicines.  The  whole  adapted  to  Physicians  and  Pharmaceut- 
ists. Third  edition,  thoroughly  revised,  with  numerous  additions,  by  John  M.  Maisch, 
Phar.  D.,  Professor  of  Materia  Medica  and  Botany  in  the  Philadelphia  College  of  Pharmacy. 
In  one  octavo  volume  of  775  pages,  with  38  illustrations.    Cloth,  $4.50 ;  leather,  $5.50. 
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STILLB,  A.,  M.D.,ZZ.D,,  &  MAISCM,  J.  M.,Phar.n,, 

Professor  Emeritus  of  the  Theory  and  Prac-  Prof,  of  Mat.  Med.  and  Botany  in  Phila. 

tice  of  Medicine  and  of  Clinical  Medicine  College  of  Pharmacy,  Sec'y  to  the  Ameri- 

in  the  University  of  Pennsylvania.  can  Pharmaceutical  Association. 

NEW    EDITION.-JUST    READY. 

The  National  Dispensatory. 

CONTAINING  THE  NATURAL  HISTORY,  CHEMISTRY,  PHARMACY,  ACTIONS  AND   USES  OF 

MEDICINES  INCLUDING  THOSE  RECOGNIZED  IN  THE  PHARMACOP(FIAS  OF  THE 

UNITED  STATES,  GREAT  BRITAIN  AND  GERMANY,  WITH  NUMEROUS 

REFERENCES   TO  THE  FRENCH  CODEX. 

Fourth    edition,   revised   to    October,   1886,   and    covering   the  new  British  Pharmacopoeia. 

In  one  magnificent  imperial  octavo  volume  of  1794  pages,  with  311  elaborate 
engravings.  Price  in  cloth,  $7.25  ;  leather,  raised  bands,  $8.00;  very  handsome  half 
Eussia,  raised  bands  and  open  back,  $9.00. 

*^*  This  work  will  he  furnished  with  Patent  Ready  Reference  Thumb-letter  Index  /or  $1.00 
in  addition  to  the  price  in  any  style  of  binding. 

In  this  new  edition  of  The  National,  Dispensatory,  all  important  changes  in  the 
recent  British  Pharmacopoeia  have  been  incorporated  throughout  the  volume,  while  in 
the  Addenda  will  be  found,  grouped  in  a  convenient  section  of  24  pages,  all  therapeutical 
novelties  which  have  been  established  in  professional  favor  since  the  publication  of  the 
third  edition  two  years  ago.  Detailed  information  is  thus  given  of  the  following  among 
the  many  drugs  treated:  Antipyrin,  Cocaine  Hydrochlorate,  Cascara  Sagrada,  Fabiana, 
Franciscea,  various  new  Glycerins,  Gymnocladus,  Hydroquinon,  Hypnone,  lodol,  Jaca- 
randa.  Lanolin,  Menthol,  Phormium,  Sulphophenol,  Thallin  and  Urethan.  In  this 
edition,  as  always  before.  The  National  Dispensatory  may  be  said  to  be  the  represent- 
ative of  the  most  recent  state  of  American,  English,  German  and  French  Pharmacology, 
Therapeutics  and  Materia  Medica. 


Thip,  the  most  comprehensive  of  the  several 
commentaries  on  the  Pharmacopoeias  of  the  United 
States,  Great  Britain  and  Germany  vt'hich  has  yet 
appeared,  has  by  this  last  revision  been  brought 
fully  up  to  the  existing  knowledge  upon  the  sub- 
ject treated.  Its  references  to  the  British  Phar- 
macopoeia have  been  amended  for  the  late  and 
much-changed  new  edition  of  that  work;  an  "ad- 
denda" of  twenty-five  pages  has  been  appended, 
treating  of  the  latest  and  most  important  addi- 
tions to  the  materia  medica.  This  work  should 
be  in  the  hands  of  every  physician  and  pharma- 
cist.—£osto?!.  ilfecZicai  a?id  ^W^icai  Journal,  Feb.  10, 
1887. 

The  previous  editions  of  The  National  Dispensa- 
tory have  from  time  to  time  been  brought  before 
our  readers,  and  that  in  1884  left  apparently  little 
to  be  desired,  as  the  authors  had  entirely  remod- 
elled their  work,  and  also  brought  its  contents  up 
to  the  latest  possible  period.  The  publication  of 
the  revised  British  Pharmacopoeia  has,  however, 
necessitated  another  edition,  embracing  the  nu- 


merous changes  therein  embodied,  and  the  oppor- 
tunity has  thus  been  afforded  of  supplying 
information  on  the  unofficinal  additions  which 
have,  during  the  past  two  years,  been  made  to  the 
materia  medica. — Canadian  Pharmaceutical  Jour- 
nal, Feb.  1887. 

This,  the  most  comprehensive  and  exhaustive 
commentary  on  the  Pharmacopoeias  of  the  United 
States,  Great  Britain  and  Germany  which  has  yet 
appeared,  might  with  great  propriety  have  been 
called  the  International  Dispensatory.  By  this 
last  revision  it  has  been  brought  fully  up  to  the 
limit  of  existing  knowledge  upon  the  subject 
treated.  The  references  to  the  British  Pharma- 
copoeia have  been  changed  to  correspond  with  the 
latest  and  greatly  altered  edition  of  that  work. 
Besides  other  features  of  improvement,  the  most 
recent  advances  have  been  embraced  in  the  shape 
of  "Addenda"  of  all  new  and  important  articles. 
No  pharmacist  will  be  without  this  work,  and  no 
physician  will  be  without  it. — The  American  Prac- 
titioner and  News,  February  19, 1887. 


FABQVJEEAItSON,  MOBJEBT,  M.  D., 

Lecturer  on  Materia  Medica  at  St.  Mary's  Hospital  Medical  School. 

A  Guide  to  Therapeutics  and  Materia  Medica.  Third  American  edition, 
specially  revised  by  the  Author.  Enlarged  and  adapted  to  the  U.  S.  Pharmacopoeia  by 
Frank  Woodbury,  M.  D.     In  one  handsome  12mo.  volume  of  524  pages.     Cloth,  $2.25. 

umned  pages — one  side  containing  the  recognized 
physiological  action  of  the  medicine,  and  the  other 
the  disease  in  which  ob.servers  fwho  are  nearly  al- 
ways mentioned)  have  obtained  from  it  good  re- 


Dr.  Farquharson's  Therapeutics  is  constructed 
upon  a  plan  which  brings  before  the  reader  all  the 
essential  points  with  reference  to  the  properties  of 
drugs.  It  impresses  these  upon  him  in  such  a  way 
as  to  enable  him  to  take  a  clear  view  of  the  actions 
01  medicines  and  the  disordered  conditions  in 
which  they  must  prove  useful.    The  doubie-col- 


sults— make  a  very  good  arrangement.  The  early 
chapter  containing  rules  for  prescribing  is  excel- 
lent.—Canada  Med.  and  Surg.  Journal,  Dec.  1882. 


JEDJES,  ROBBRT  T.,  M.  !>., 

Jnckson  Professor  of  Clinical  Medicine  in  Harvard  University,  Medical  Department. 

A  Text-Book  of  Materia  Medica  and  Therapeutics.  In  one  octavo  volume 
of  about  600  pages,  with  illubtrations.     Preparing. 


8TIZLE,  ALFRED,  M.  2>.,  LZ.  D., 

Profeissrjr  of  Theory  and  Practice  of  Med.  and  of  Clinical  Med.  in  the  Univ.  of  Penna. 

Therapeutics  and  Materia  Medica.  A  Systematic  Treatise  on  the  Action  and 
Uees  of  Medicinal  Agents,  including  tlieir  Descrijition  and  History.  Fourth  edition, 
revised  and  enlarged.  In  two  large  and  liandsome  octavo  volumes,  containing  1936  pages. 
(Moth.  $10.00:  leather.  S;12.00-  vt-rv  l.iin.lKfm.P  l.nlf  Ilii«^;:i   misMl  b.-inds.  Sl.S.OO. 
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COATS,  JOSEPH,  M,  D.,  F.  F,  J?.  S,, 

Patholocji&t  to  the  Glasgow  We,ste7'n  Infirmary. 
A  Treatise  on  Pathology.     I  n  one  very  handsome  octavo  volume  of  829  pages, 
with  339  beautiful  illustrations.     Cloth,  |5.50 ;  leather,  $6.50. 

partment  of  medicine  that  ia  not  as  fully  elucidated 
as  our  present  knowledge  will  admit. —  Cincinnati 
MedicnI.  IVfiivs,  Oct.  1883. 

One  of  the  best  features  of  this    reatise  consists 
in  the  judicious  admixture  of  foreign  observation 


The  worlc  before  us  treats  the  subject  of  Path- 
ology more  extensively  than  it  i.i  usually  treated 
In  similar  works.  Medical  students  as  well  as 
physicians,  who  desire  a  work  for  study  or  refer- 
ence, that  treats  the  subjects  in  the  various  de- 
partments in  a  very  thorough  manner,  but  without 
prolixity,  will  certainly  give  this  one  the  prefer- 
ence to  any  with  which  we  are  acquainted.  It  sets 
forth  the  most  recent  discoveries,  exhibits,  in  an 
interesting  manner,  the  changes  from  a  normal 
condition  effected  in  structures  by  disease,  and 
points  out  the  characteristics  of  various  morbid 
agencies,  so  that  they  can  be  easily  recognized.  But, 
not  limited  to  morbid  anatomy,it  explains  fully  how 
the  functions  of  organs  are  disturbed  by  abnormal 
conditions.    There  is  nothing  belonging  to  its  de- 


with  private  experience.  Thus  the  subject  is 
presented  in  a  harmonious  manner,  facilitating 
the  study  of  sint^le  topics  and  making  the  entire 
volume  profitable  and  pleasant  reading.  The 
author  includes  in  his  descriptions,  general 
pathology  as  well  as  the  special  pathological  histol- 
ogy of  the  different  systems  and  organs.  He  has 
succeeded  in  offering  to  students  and  practition- 
ers a  thoroughly  acceptable  work. — Medical  Record, 
Dec.  22,  1883. 


GBEEJSr,  T.  SENJRY,  M,  JD,, 

Lecturer  on  Pathology  and  Morbid  Anatomy  at  Charing-Oross  Hospital  Medical  School,  London. 

Pathology  and  Morbid  Anatomy.  Fifth  American  from  the  sixth  revised 
and  enlarged  English  edition.  In  one  very  handsome  octavo  volume  of  482  pages,  with 
150  fine  engravings.     Cloth,  |2.50. 

The  fact  that  this  well-known  treatise  has  so 
rapidly  reached  its  sixth  edition  is  a  strong  evi- 
dence of  its  popularity.  The  author  is  to  be  eon- 
fratulated  upon  the  thoroughness  with  wliich  he 
as  prepared  this  work.  It  is  thoroughly  abreast 
with  all  the  most  recent  advances  in  pathology. 
No  work  in  the  English  language  Is  so  admirably 
adapted  to  the  wants  of  the  student  and  practi- 
tioner as  this,  and  we  would  recommend  it  most 
earnestly  to  every  one. — Nashville  Journal  of  Medi- 
cine and  Surgery,  Nov.  1884. 


An  extended  review  of  such  a  well-known  book 
is  unnecessary.  We  had  already  regarded  the 
book  as  a  model  of  its  kind,  and  the  author's  as- 
surance that  he  believes  the  present  edition  to  be 
fully  up  to  date  will  be  received  as  sufficient 
proof  that  nothing  of  importance  has  been  omitted. 
The  book  has  been  most  carefully  revised,  and 
bears  upon  every  page  the  marks  of  the  care  and 
accuracy  that  have  won  for  it  an  international 
reputation. — New  York  Medical  and  Surgical  Jour- 
nal, July  18,  1885. 


WOODHEAD,  G.  SIMS,  M.  D.,  F.  B.  a  jP.  E., 

Demonstrator  of  Pathology  in  the  University  of  Edinburgh. 
Practical  Pathology.     A  Manual  for  Students  and  Practitioners.     In  one  beau- 
tiful octavo  volume  of  497  pages,  with  136  exquisitely  colored  illustrations.     Cloth,  $6.00. 


It  forms  a  real  guide  for  the  student  and  practi- 
tioner who  Is  thoroughly  In  earnest  in  his  en- 
deavor to  see  for  himself  and  do  for  himself.  To 
the  laboratory  student  it  will  be  a  helpful  com- 
panion, and  all  those  who  may  wish  to  familiarize 
themselves  with  modern  methods  of  examining 
morbid  tissues   are   strongly  urged    to    provide 


themselves  with  this  manual.  The  numerous 
drawings  are  not  fancied  pictures,  or  merely 
schematic  diagrams,  but  they  represent  faithfully 
the  actual  images  seen  under  the  microscope. 
The  author  merits  all  praise  for  having  produced 
a  valuable  work.— Medicai  Record,  May  31, 1884. 


SCHAFEB,  EDWAItl)  A.,  F.  M,  S,, 

Assistant  Professor  of  Physiology  in  University  College,  Loiidon. 

The  Essentials  of  Histology.     In  one  octavo  volume  of  246  pages,  with 
281  illustrations.    Cloth,  $2.25. 


This  short  volume  might  be  called  a  companion 
book  to  Green's  Pathology,  and  fills  the  same  place 
in  histology  the  latter  occupies  in  pathology.  This 
book  is  so  short,  clear  and  satisfactory,  as  to  invite 
perusal,  and  repay  any  time  spent  in  doing  so.  We 
think  the  book  deserving  of  the  highest  praise. 
—New  Orleans  Med.  and  Surg.  Journal,  Dec.  1885. 

This  admirable  work  is  a  cheering  example  of 


well-won  success,  earned  by  the  faithful  and  dili- 
gent pursuit  of  excellence  in  presentation  of  this 
essential  foundation  of  all  true  medical  science. 
Since  this  new  work  of  Professor  Schafer's  will 
doubtless  be  speedily  placed  upon  the  list  of  text- 
books required  in  every  medical  college,  we  feel 
that  it  needs  no  further  recommendation  at  our 
■Am.  Jour,  of  the  Med.  Sciences,  Jan.  1886. 


KLEIW,  E.,  M,  n.,  F,  M.  S., 

Joint  Lecturer  on  General  Anat.  and  Phys.  in  the  Med.  School  of  St.  Bartholomew's  Hasp.,  London. 
Elements  of  Histology.   In  one  pocket-size  12mo.  volume  of  360  pages,  with  181 
illus.    Limp  cloth,  red  edges,  $1.50.     See  Students^  Series  of  Manuals,  page  4. 


This  little  volume,  originally  intended  by  its 
able  author  as  a  manual  for  medical  students, 
contains  much  valuable  information,  systematic- 
ally arranged,  that  will  be  acceptable  to  the 
general  practitioner.  It  gives  a  graphic  and  lucid 
description  of  every  tissue  and  organ  in  the  hu- 


man body;  and,  while  small  in  size,  it  is  full  to 
overflowing  with  important  facts  in  regard  to  these 
multiform  and  complex  structures.  We  know  of 
no  book  of  its  size  that  will  prove  of  greater  value 
to  medical  students  and  practitioners  of  medi- 
cine.—y/je  Southern  Practitioner,  Nov.  1883. 


FEFPEB,  A.  J.,  M.  B.,  M,  S.,  F,  B,  C.  S., 

Surgeon  and  Lecturer  at  St.  Mary's  Hospital,  London. 

Surgical  Pathology.     In  one  pocket-size  12mo.  volume  of  511  pages,  with  81 
illustrations.  Limp  cloth,  red  edges,  $2.00.     See  Students!'  Series  of  Manuals,  page  4. 


It  is  not  pretentious,  but  it  will  serve  exceed' 
ingly  well  as  a  book  of  reference.    It  embodies  a 

freat  deal  of  matter,  extending  over  the  whole 
eld  of  surgical  pathology.  Its  form  is  practical, 
its  language  is  clear,  and  the  information  set 
forth    is   well-arranged,    well-indexed    and  well- 


illustrated.  The  student  will  find  in  it  nothing 
that  is  unnecessary.  The  list  of  subjects  coverB 
the  whole  range  of  surgery.  The  book  supplies  a 
very  manifest  want  and  should  meet  with  suc- 
cess.—iVeto  York  Medicdl  Journal,  May  31, 1884. 


Cornil  and  Ranvier's    Pathological   Histology.  —  Translated  by  E.  O. 
Shakespeare,  M.  D.,  and  J.  Henry  C.  Simes,  M.  D.    Octavo,  800  pp.,  360  illustrations. 
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I  LINT,  AUSTIN,  M,  !>., 

Frof.  of  the  Principles  and  Practice  of  Med.  and  of  Clin.  Med.  in  Bellevve  Hospital  Medical  College,  N.  Y. 

A  Treatise  on  the  Principles  and  Practice  of  Medicine.  Designed  for 
the  nye  of  ytudents  and  Practitioners  of  Medicine.  New  (si:xth)  edition,  thoroughly  re- 
vised and  rewritten  by  the  Author,  assisted  by  "William  H.  "Welch,  M.  D.,  Professor  of 
Pathology,  Johns  Hopkins  University,  Baltimore,  and  Austin  Flint,  Jr.,  M.  D.,  Professor 
of  Pliysiology,  Bellevue  Hospital  Medical  College,  N.  Y.  In  one  very  handsome  octavo 
volume  of  about  1170  pages,  with  illustrations.  Cloth,  $5.50;  leather,  $6.50;  very 
handsome  half  Kussia,  raised  bands,  |7.00. 


No  text-book  on  the  principles  and  practice  of 
medicine  has  ever  met  in  this  country  with  such 
general  approval  hy  medical  students  and  practi- 
tioners as  the  work  of  Professor  Flint.  In  all  the 
medical  colleges  of  the  United  States  it  is  the  fa- 
vorite work  upon  Practice;  and,  as  we  have  staled 
before  in  alluding  to  it,  there  is  no  other  medical 
work  that  can  be  so  generally  found  in  the  libra- 
ries of  physicians.  Jn  every  state  and  territory 
of  this.vastcountry  thebook  thatwillbe  most  likely 
to  be  found  in  the  office  of  a  medical  man,  whether 
in  city,  town,  village,  or  at  some  cross-roads,  is 
Flint's  Practice.  We'  make  thi?  statement  to  a 
considerable  extent  from  personal  observation,  and 
it  is  the  testimony  also  of  others.  An  examina- 
tion shows  that  very  considerable  changes  have 
been  made  in  the  sixth  edition.  The  work  may  un- 
doubtedly be  regarded  as  fairly  representing  the 
present  state  of  the  science  of  medicine,  and  as 


reflecting  the  views  of  those  who  exemplify  in 
their  practice  the  present  stage  of  progress  of  med- 
ical art.— Dili cinnoti  Medical  iXnrs,  Oct.  1886. 

He  was  a  horn  teacher,  a  teacher  by  the  bedside, 
a  teacher  in  the  lecture-room,  a  teacher  to  the  in- 
dividual pupil,  and  a  teacher  to  thousands  of  stu- 
dents. He  was  a  constant  teacher  with  his  pen. 
He  lived  to  collect,  to  analyze,  and  so  to  formulate 
new  ideas,  which  were  fret-ly  given  to  the  pro- 
fession of  his  choice.  This  volume,  more  per- 
fectly than  any  previous  edition,  gathers  up  and 
completes  an  account  of  all  those  matters  which 
may  fairly  be  discussed  in  a  work  on  the  practice 
of  medicine.  It  is  a  work  of  which  any  American 
physician  can  well  be  proud,  when  he  compares 
it  with  the  best  thathasbeen  done  in  asimilar  way 
by  any  writer  in  any  country  or  any  age. — The 
American  Lancet,  Nov.  188G. 


SABTSMOMNJE,  MJEJSTMT,  31.  D.,  LL,  D,, 

Lately  Professor  of  Hygiene  in  the  University  of  Pennsylvania. 

Essentials  of  the  Principles  and  Practice  of  Medicine.  A  Handbook 
for  Students  and  Practitioners.  Fifth  edition,  thoroughly  revised  and  rewritten.  In  one 
royal  12mo.  volume  of  669  pages,  with  144  illustrations.     Cloth,  $3.75 ;  half  bound,  $3.00. 

"Within  the  compass  of  600  pages  it  treats  of  the    this  one;  and  probably  not  one  writer  in  our  day 
history  of  medicine,  general  pathology,  general    ■     '     ■    ■■  ,        ,     ,.        -r^      ^^^     ,  , 

symptomatology,  and  physical  diagnosis  (including 
laryngoscope,  ophthalmoscope,  etc.),  general  ther- 
apeutics, nosology,  and  special  pathology  and  prac- 
tice. There  is  a  wonderful  amount  of  information 
contained  in  this  work,  and  it  is  one  of  the  best 
of  its  kind  that  we  have  seen.— Olasgow  Medical 
Journal,  Nov.  1882. 

An  indispensable  book.    No  work  ever  exhibited 
a  better  average  of  actual  practical  treatment  than 


had  a  better  opportunity  than  Dr.  Hartshorne  for 
condensing  all  the  views  of  eminent  practitioners 
into  a  12mo.  The  numerous  illustrations  will  be 
very  useful  to  students  especially.  These  essen- 
tials, as  the  name  suggests,  are  not  intended  to 
supersede  the  text-books  of  Flint- and  Bartholow, 
but  they  are  the  most  valuable  in  affording  the 
means  to  see  at  a  glance  the  whole  literature  of  any 
disease,  and  the  most  valuable  treatment. — Chicago 
Medical  Journal  and  Examiner,  April,  1882. 


BBISTOWB,  JOHN  SYBM,  M,  D.,  F,  M.  C.  I*,, 

Physician  and  Joint  Lecturer  on  Medicine  at  St.  Thomas^  Hospital,  London. 
A  Treatise  on  the  Practice  of  Medicine.     Second  American  edition,  revised 
by  the  Author.    Edited,  with  additions,  by  James  H.  Hutchinson,  M.D.,  physician  to  the 
Pennsylvania  Hospital.     In  one  handsome  octavo  volume  of  1085  pages,  with  illustrations. 
Cloth,  $5.00 ;  leather,  $6.00 ;  very  handsome  half  Russia,  raised  bands,  $6.50. 

The  book  is  a  model  of  conciseness,  and  com- 
bines, as  successfully  as  one  could  conceive  it  to 


be  possible,  an  encyclopeedic  character  with  the 
smallest  dimensions.  It  differs  from  other  admi- 
rable text-books  in  the  completeness  with  which 
it  covers  the  whole  field  of  medicine. — Michigan 
Med'cal  News,  Mny  10,1880. 

His  accuracy  in  the  portraiture  of  disease,  his 
care  in  stating' subtle  points  of  diagnosis,  and  the 
faithfully  given  pathology  of  abnormal  processes 
have  seldom  been  surpassed.  He  embraces  many 
diseases  not  usually  considered  to  belong  to  theory 


and  practice,  as  skin  diseases,  syphilis  and  Insan- 
ity, but  they  will  not  be  objected  to  by  readers,  as 
he  has  studied  them  conscientiously,  and  drawn 
from  the  life.— Medical  and  Surgical  Reporter,  De- 
cember 20,  1879. 

The  reader  will  find  every  conceivable  subject 
connected  with  the  practice  of  medicine  ably  pre- 
sented, in  a  style  at  once  clear,  interesting  and 
concise.  The  additions  made  by  Dr.  Hutchinson 
are  appropriate  and  practical,  and  greatly  add  to 
its  usefulness  to  American  readers.— JSu/faio  Med^ 
ical  and  Surgical  Journal,  March,  1880. 


WATSON,  SIB  TS03IAS,  M.  D., 

Late  Physician  in  Ordinary  to  the  Queen. 

Lectures  on  the  Principles  and  Practice  of  Physic.  A  new  American 
from  the  fifth  English  edition.  Edited,  with  additions,  and  190  illustrations,  by  Henry 
Hartshorne,  A.  M.,  M.  D.,  late  Professor  of  Hygiene  in  the  University  of  Pennsylvania. 
In  two  large  octavo  volumes  oi  1840  pages.     Cloth,  $9.00  ;  leather,  $11.00. 


LECTURES  ON  THE  STUDY  OF  FEVER.  By 
A.  HcDsoN,  M.  D.,  M.  R.  I.  A.  In  one  octavo 
volume  of  308  pages.    Cloth,  $2.50. 

STOKES'  LECTURES  ON  FEVER.  Edited  by 
John  William  Moore,  M.  D.,  F.  K.  Q.  C.  P.  In 
one  octavo  volume  of  280  pages.    Cloth,  82.00. 


A  TREATISE  ON  FEVER.  By  Robert  D.  Lyons, 
K.  C.  C.    In  one  8vo.  vol.  of  354  pp.    Cloth,  «2.26. 

LA  ROCHE  ON  YELLOW  FEVER,  considered  in 
its  Historical,  Pathological,  Etiological  and 
Therapeutical  Relations.  In  two  large  and  hand- 
some octavo  volumes  of  1468  pp.    Cloth.  87.00. 


A  CENTURY  OF  AMERICAN  MEDICINE,  1776—1876.    By    Drs.  E.  H.  Clarkk,  H.  J. 
BiOELOw,  8.  D.  Gbobb,  T.  G.  Tbomab,  and  J.  8.  Billimqs.    In  one  12mo.  volume  of  370  pages.    Cloth,  82.26. 


Lea  Brothers  &  Co.'s  Ptjblications — System  of  Med. 


15 


For  Sale  hy  Subscription  Only. 


A  System  of  Practical  Medicine, 

BY  AMERICAN  AUTHORS. 
Edited  by  WILLIAM   PEPPER,  M.  D.,  LL.  D., 

PKOVOST  AND   PROFESSOR  OF  THE  THEORY  AND  PRACTICE  OF  MEDICINE  AND   OF 
CLINICAL  MEDICINE  IN  THE  UNIVERSITY  OF  PENNSYLVANIA, 

Assisted  by  Louis  Starr,  M.  D.,  Clinical  Professor  of  the  Diseases  of  Children  in  the 
Hospital  of  the  University  of  Pennsylvania. 

The  complete  work,  in  five  volumes,  containing  5573  pages,  with  198  illustrations,  is  just  ready. 
Price  per  volume,  cloth,  $5;  leather,  $6 ;  half  Russia,  raised  bands  and  open  back,  |7. 


In  this  great  work  American  medicine  is  for  the  first  time  reflected  by  its  worthiest 
teachers,  and  presented  in  the  full  development  of  the  practical  utility  which  is  its  pre- 
eminent characteristic.  The  most  able  men — from  the  East  and  the  West,  from  the 
North  and  the  South,  from  all  the  prominent  centres  of  education,  and  from  all  the 
hospitals  which  afford  special  opportunities  for  study  and  practice — have  united  in 
generous  rivalry  to  bring  together  this  vast  aggregate  of  specialized  experience. 

The  distinguished  editor  has  so  apportioned  the  work  that  to  each  author  has  been 
assigned  the  subject  which  he  is  peculiarly  fitted  to  discuss,  and  in  which  his  views 
will  be  accepted  as  the  latest  expression  of  scientific  and  practical  knowledge.  The 
practitioner  will  therefore  find  these  volumes  a  complete,  authoritative  and  unfailing  work 
of  reference,  to  which  he  may  at  all  times  turn  with  full  certainty  of  finding  what  he  needs 
in  its  most  recent  aspect,  whether  he  seeks  information  on  the  general  principles  of  medi- 
cine, or  minute  guidance  in  the  treatment  of  special  disease.  So  wide  is  the  scope  of  the 
work  that,  with  the  exception  of  midwifery  and  matters  strictly  surgical,  it  embraces  the 
whole  domain  of  medicine,  including  the  departments  for  which  the  physician  is  accustomed 
to  rely  on  special  treatises,  such  as  diseases  of  women  and  children,  of  the  genito-urinary 
(Organs,  of  the  skin,  of  the  nerves,  hygiene  and  sanitary  science,  and  medical  ophthalmology 
and  otology.  Moreover,  authors  have  inserted  the  formulas  which  they  have  found  most 
efficient  in  the  treatment  of  the  various  affections.  It  may  thus  be  truly  regarded  as  a 
Complete  Library  of  Practical  Medicine,  and  the  general  practitioner  possessing  it 
may  feel  secure  that  he  will  require  little  else  in  the  daily  round  of  professional  duties. 

In  spite  of  every  effort  to  condense  the  vast  amount  of  practical  information  fur- 
nished, it  has  been  impossible  to  present  it  in  less  than  5  large  octavo  volumes,  containing 
about  5600  beautifully  printed  pages,  and  embodying  the  matter  of  about  15  ordinary 
octavos.     Illustrations  are  introduced  wherever  requisite  to  elucidate  the  text. 

A  detailed  prospectus  of  the  work  will  be  sent  to  any  address  on  application  to  the 
publishers. 


These  two  volumes  bring  this  admirable  work 
to  a  close,  and  fully  sustain  the  high  standard 
reached  by  the  earlier  volumes;  we  have  only 
therefore  to  echo  the  eulogium  pronounced  upon 
them.  We  would  warmly  congratulate  the  editor 
and  his  collaborators  at  the  conclusion  of  their 
laborious  task  on  the  admirable  manner  in  which, 
from  first  to  last,  they  have  performed  their  several 
duties.  They  have  succeeded  in  producing  a 
work  which  will  long  remain  a  standard  work  of 
reference,  to  which  practitioners  will    look    for 

fuidance,  and  authors  will  resort  to  for  facta, 
'rom  a  literary  point  of  view,  the  work  is  without 
any  serious  blemish,  and  in  respectof  production, 
it  has  the  beautiful  finish  that  Americans  always 
give  their  works.— Edinburgh  Medical  Journal,  Jan. 
1887. 

*  *  The  greatest  distinctively  American  work  on 
the  practice  of  medicine,  and,  indeed,  the  super- 
lative adjective  would  not  be  inappropriate  were 
even  all  other  productions  placed  in  comparison. 
An  examination  of  the  five  volumes  is  sufficient 
to  convince  one  of  the  magnitude  of  the  enter- 
prise, and  of  the  success  which  has  attended  its 
fulfilment.— r/i6  Medical  Age,  July  26,  1886. 

Convenience  and  good  order,  with  easy  refer- 
ence, are  no  less  characteristic  than  the  almost 
uniform  excellence  of  the  matter.— iV^eMJ  York 
Medical  Journal,  June  19,  1886. 

We  consider  it  one  of  the  grandest  works  on 
Practical  Medicine  in  the  English  language.  It  is 
a  work  of  which  the  profession  of  this  country  can 
feel  proud.  Written  exclusively  by  American 
physicians  who  are  acquainted  with  all  the  varie- 
ties of  climate  in  the  United  States,  the  character 
of  the  soil,  the  manners  and  customs  of  the  peo- 


ple, etc.,  it  is  peculiarly  adapted  to  the  wants 
of  American  practitioners  of  medicine,  and  it 
seems  to  us  that  every  one  of  them  would  desire 
to  have  it.  It  has  been  truly  called  a  "Complete 
Library  of  Practical  Medicine,"  and  the  general 
practitioner  will  require  little  else  in  his  round 
of  professional  duties.— Cincirawa^i  Medical  News, 
March,  1886. 

Each  of  the  volumes  is  provided  with  a  most 
copious  index,  and  the  work  altogether  promises 
to  be  one  which  will  add  much  to  the  medical 
literature  of  the  present  century,  and  reflect  great 
credit  upon  the  scholarship  and  practical  acumen 
of  its  authors. —  The  London  Lancet,  Oct.  3,  1885. 

The  feeling  of  proud  satisfaction  with  which  the 
American  profession  se<^s  this,  its  representative 
system  of  practical  medicine  issued  to  the  medi- 
cal world,  is  fully  justified  by  the  character  of  the 
work.  The  entire  caste  of  the  system  is  in  keep- 
ing with  the  best  thoughts  of  the  leaders  and  fol- 
lowers of  our  home  school  of  medicine,  and  the 
combination  of  the  scientific  study  of  disease  and 
the  practical  application  of  exact  and  experimen- 
tal knowledge  to  the  treatment  of  human  mal- 
adies, makes  every  one  of  us  share  in  the  pride 
that  has  welcomed  Dr.  Pepper's  labors.  Sheared 
of  the  prolixity  that  wearies  the  readers  of  the 
German  school,  the  articles  glean  these  same 
fields  for  all  that  is  valuable.  It  is  the  outcome 
of  American  brains,  and  is  marked  throughout 
by  much  of  the  sturdy  independence  of  thought 
and  originality  that  is  a  national  characteristic. 
Yet  nowhere  is  there  lack  of  study  of  the  most 
advanced  views  of  the  day. — North  Carolina  Medi- 
cal Journal,  Sept.  1886. 
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REYNOLnS,  J,  MVSSELL,  M.  D,, 

Professor  of  the  Principles  and  Practice  of  Medicine  in  University  College,  London. 
A  System  of  Medicine.  With  notes  and  additions  by  Henry  Haetshorne, 
A.  M.,  M.  D.,  late  Professor  of  Hygiene  in  the  University  of  Pennsylvania.  In  three  large 
and  handsome  octavo  vohimes,  containing  3056  double-cohimned  pages,  with  317  illustra- 
tions. Price  per  volume,  cloth,  $5.00 ;  sheep,  |6.00 ;  very  handsome  half  Russia,  raised  bands, 
$6.50.     Per  set,  cloth,  $15;  leather,  $18;  half  Russia,  $19.50.     Sold  only  by  subscription. 


For  conciseness  and  comprehensiveness  in  the 
treatment  of  all  the  subjects  embraced  under  the 
head  of  "Practice  of  Medicine,"  there  is  no  work 
in  the  English  language,  or  in  any  other  language, 
for  that  matter,  which  equals,  much  less  excels, 
Reynolds'  System.  Each  volume  contains  a  com- 
plete index— a  feature  which  those  who  may  have 
eneyclopsedic  works  on  medicine  not  containing 


this  index  can  fully  AY'P'^eoia.te.— Michigan  Medical 
Neivs,  June  10,  1880. 

There  is  no  medical  work  which  we  have  in 
times  past  more  frequently  and  fully  consulted 
when  perplexed  by  doubts  as  to  treatment,  or  by 
having  unusual  or  apparently  inexplicable  symp- 
toms presented  to  us  than  Reynolds'  Sys ' 
Medicine.— Am.  Journ.  of  Med.  ScL,  January, 


STILLB,  ALFItED,  M.  D,,  LL.  D., 

Professor  Emeritus  of  the  Theory  and  Practice  of  Med.  and  of  Clinical  Med.  in  the  Univ.  i 
Cholera :   Its  Origin,  History,  Causation,  Symptoms,  Lesions,  Prevention  and  Treat- 
ment. In  one  handsome  12mo.  volume  of  163  pages,  with  a  chart.  Cloth,  $1.25.  Just  ready. 

This  timely  little  work  is  full  of  the  learning 
and  good  judgment  which  marks  all  that  comes 
from  the  pen  of  its  distinguished  author.  What 
he  has  to  say  on  treatment  is  characterized  by 
his  usual  caution  and  his  well-known  preference 


for  a  rational  system.  Altogether,  the  monograph 
is  one  that  will  have  an  excellent  influence  on  the 
professional  raindi.— Medical  and  Surgical  Reporter. 
August  1, 1885. 


FINLAYSON,  JAMES,  M,  D.,  Editor, 

Physician  and  Lecturer  on  Clinical  Medicine  in  the  Olasgow  Western  Infirmary,  etc. 
Clinical  Diagnosis.  A  Handbook  for  Students  and  Practitioners  of  Medicine. 
With  Chapters  by  Prof.  Gairdner  on  the  Physiognomy  of  Disease ;  Prof.  Stephenson  on 
Diseases  of  the  Female  Organs ;  Dr.  Robertson  on  Insanity ;  Dr.  Gemmell  on  Physical 
Diagnosis ;  Dr.  Coats  on  Laryngoscopy  and  Post-Mortem  Examinations,  and  by  the  Editor 
on  Case-taking,  Family  History  and  Symptoms  of  Disorder  in  the  Various  Systems.  New 
edition.  In  one  handsome  12mo.  volume  of  682  pages,  with  158  illustrations.  Cloth, 
$2.50.     Just  ready. 

tions  maintain  its  present  standard  of  excellencej 
It  is  a  book  which  will  greatly  aid  the  work  of 
the  clinical  teacher,  and  should  be  thoroughly 
digested  by  every  student  of  medicine.  The 
general  practitioner  will  find  many  practical  hints 
in  Its  pages,  while  a  careful  study  of  the  work 
will  save  him  from  many  pitfalls  in  diagnosis. 
The  book,  therefore,  in  our  opinion,  commends 
itself  to  a  wide  field  of  readers,  and  we  sincerely 
wish  it  the  great  success  which  it  so  richly  merits. 
— Liverpool  Medico- Chirurgical  Journal,  Jan.  1887. 


We  are  pleased  to  see  a  second  edition  of  this 
admirable  book,  which  occupies  a  position  in 
medical  literature  that  previous  to  the  first  ap- 
pearance of  this  work  was  unoccupied.  It  is 
essentially  a  practical  treatise  on  medical  diagno- 
sis, in  which  every  sign  and  symptom  of  disease 
is  carefully  analyzed,  and  their  relative  signifi- 
cance in  the  different  affections  in  which  they 
occur  pointed  out.  From  their  synthesis  the  stu- 
dent can  accurately  determine  the  disease  with 
which  he  has  to  deal.  The  book  has  no  competi- 
tor, nor  is  it  likely  to  have  as  long  as  future  edi- 


FOTSEMGILZ,  J,  M.,  31.  JD.,  Edin.,  M,  B,  C,  JP,,  Lond,, 

Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 
The  Practitioner's  Handbook  of  Treatment ;  Or,  The  Principles  of  Thera- 
peutics.   New  edition.     In  one  octavo  volume  of  about  700  pages.     Cloth,  $3.75.    Shortly. 


buoadbent,  w.  m.,  m,  d.,  f.  m.  c,  f., 

Physician  to  and  Lecturer  on  Medicine  at  St.  Mary's  Hospital. 
The  Pulse.   In  one  12mo.  volume.  Preparing.   See  Series  of  ClinicalMamutk, -page  4. 


FENWICK,  SAMUEL,  M,  !>,, 

Assistant  Physician  to  the  London  Hospital. 

The  Student's  Guide  to  Medical  Diagnosis.  From  the  third  revised  and 
enlarged  English  edition.  In  one  very  handsome  royal  12mo.  volume  of  328  pages,  with 
87  illustrations  on  wood.     Cloth,  $2.25. 


MABEBSSOJSr,  S.  O.,  M.  2>., 

Senior  Physician  to  and  late  Led.  on  Principles  and  Practice  of  Med.  at  Ghuy's  Hospital,  London. 

On  the  Diseases  of  the  Abdomen ;  Comprising  those  of  the  Stomach,  and 
other  parts  of  the  Alimentary  Canal,  ffisophagus.  Caecum,  Intestines  and  Peritoneum,  Second 
American  from  third  enlarged  and  revised  English  edition.  In  one  handsome  octavo 
volume  of  554  pages,  with  illustrations.     Cloth,  $3.50. 


TANNER,  TH03IAS  HAWKES,  M.  J}, 

A  Manual  of  Clinical  Medicine  and  Physical  Diagnosis.  Third  American 
from  the  second   London   edition.      Revised    and    enlarged    by  Tilbury  Fox,   M 
In  onf  small  12mo.  volume  of  362  pages,  with  illustrations.    Cloth,  $1.50. 
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MICMAIUDSOW,  B.  W,,  M.A,,  31.1}.,  LL.  U.,  JF.M.S.,  F.S.A. 

Fellow  of  the  Royal  CoUcje  ol  Phi/$icinv.<;,  Jondon. 
Preventive  Medicine.     In  one  octavo  vohme  ot  729  pages.     Cloth,  |4;  leather, 
$5  ;  very  handsoire  \\?M  iv  issia,  raised  bands,  l^S.S*^. 


Dr.  RicharilsDD  ha.'  •■,.., -■>vi"i  in  producing  a 
work  which  is  elevated  in  oonceptiou,  ('(^mprelien- 
8ive  in  scope,  scientific  in  character,  systematic  in 
arrangement,  and  which  is  written  in  a  clear,  con- 
cise and  pleasant  manner.    He  evinces  tlie  happy 


a  p. 
faculty  of  extracting  the  pith  of  what  is  know 
the  subject,  and  of  presenting  it  in  a  most  simple, 
intelligent  and  practical  form.  There  is  perhaps 
no  similar  work  written  for  the  general  public 
that  contains  such  acomplete,  reliable  and  instruc- 
tive collection  of  data  upon  the  diseases  common 
to  the  race,  their  origins,  causes,  and  the  measures 
for  their  prevention.  The  descriptions  of  diseases 
are  clear,  chaste  and  scholarly ;  the  discussion  of 
the  question  of  disease  is  comprehensive,  masterly 
and  fully  abreast  with  the  latest  and  best  knowl- 
edge on  the  subject,  and  the  preventive  measures 
advised  are  accurate,  explicit  and  reliable.— TAe 
American  Journalofthe  Medical  Sciences,  April,  1884. 
It  excels  any  other  book  which  has  fallen  under 


ou'  observation  on  the  subject  of  which  it  treats. 
It  comprehends  the  nature,  causes  and  preven- 
tion of  disease  from  a  strictly  scientific  stand- 
point. The  Amei-ican  publishers  have  done  the 
medical  profession  a  valuable  service  in  laying  it 
before  them.  It  contains  much  witli  which  every 
physician  should  be  familiar.  There  is  no  other 
work  in  the  language  in  which  the  information 
here  presented  can  be  found  so  systematically 
arranged  and  intelligently  presented.— 2'/ie  Sani- 
tarian, Marcli,  1884. 

This  is  a  book  that  will  surely  find  a  place  on  the 
table  of  every  progressive  physician.  To  the 
medical  profession,  whose  duty  is  quite  as  much  to 
prevent  as  to  cure  disease,  the  book  will  be  a  boon. 
— Boston  Medical  and  Surgical  Journal,  Mar.  6,  1884. 

The  treatise  contains  a  vast  amount  of  solid,  valu- 
able hygienic  information. — Medical  and  Surgical 
Reporter,  Feb.  2.3, 1884. 


MAMTSHOBNE,  SENMY,  M.  !>.,  LL.  D., 

Formerly  Professor  of  Hygiene  in  the  University  of  Pennsylvania,  and  Professor  of  Physi 
Diseases  of  Children  in  the  Woman's  Medical  College  of 


A  Household  Manual  of  Medicine,  Surgery,  Nursing  and  Hygiene: 
For  Daily  Use  in  the  Preservation  of  Health  and  Care  of  the  Sick  and  Injured,  with  an 
Introductory  Outline  of  Anatomy  and  Physiology.  In  one  very  handsome  royal  octavo 
volume  of  946  pages,  with  8  plates  and  283  engravings.  Cloth,  $4.00 ;  very  handsome 
half  Morocco,  $5.00.  ___^_ 

BABTELOLOW,  BOBEBTS,  A.  M.,  M.  D.,  LL.  Z>., 

Prof,  of  Materia  Medica  and  General  Therapeutics  in  the  Jefferson  Med.  Coll.  of  Phila.,  etc. 

Medical  Electricity.  A  Practical  Treatise  on  the  Applications  of  Electricity 
to  Medicine  and  Surgery.  New  (third)  edition.  In  one  very  handsome  octavo  volume  of 
300  pages,  with  about  125  illustrations.    Shortly. 

A  notice  of  the  previous  edition  is  appended. 
A  most  excellent  work,  addressed  by  a  practi- 
tioner to  his  fellow-practitioners,  and  therefore 
thoroughly  practical.  The  work  now  before  us 
has  the  exceptional  merit  of  clearly  pointing  out 
where  the  benefits  to  be  derived  from  electricity 
must  come.  It  contains  all  and  everything  that 
the  practitioner  needs  in  order  to  understand  in- 
telligently the  nature  and  laws  of  the  agent  he  is 
making  use  of,  and  for  its  proper  application  in 


practice.  In  a  condensed,  practical  form,  it  pre- 
sents to  the  physician  all  that  he  would  wish  to 
remember  after  perusing  a  whole  library  on  medical 
electricity,  including  the  results  of  the  latest  in- 
vestigations. It  is  the  book  for  the  practitioner, 
and  the  necessityfor  a  second  edition  proves  thai 
it  has  been  appreciated  by  the  profession.— P%si- 
cian  and  Surgeon,  Dec.  1882. 


TSE  YEAB-BOOK  OF  TBEATMENT  FOB  1886. 

A  Comprehensive  and  Critical  Review  for  Practitioners  of  Medi- 
cine.    In  one  12mo.  volume  of  309  pages,  bound  in  limp  cloth,  |1.25.     Just  ready. 

This  work  presents  not  only  a  complete  classified  account  of  all  the  more  important 
advances  made  in  the  treatment  of  disease  during  the  year  ending  September  30,  1886, 
but  also  a  critical  estimate  of  the  same  by  competent  authorities.  Each  department  of 
practice  is  fully  and  concisely  treated,  and  into  the  consideration  of  each  subject  enter 
such  allusions  to  recent  pathological  and  clinical  work  as  bear  directly  upon  treatment. 

^*^  For  special  commutations  with  periodicals  see  page  3. 

THE  YEAB-BOOK  OF  TBEATMENT  FOB  1885. 

Similar  to  that  of  1886  above.     12mo.,  320  pages.     Limp  cloth,  |1.25. 

SCHBEIBEB,  DB.  JOSEFS. 

A  Manual  of  Treatment  by  Massage  and  Methodical  Muscle  Ex- 
ercise. Translated  by  Walter  Mendelson,  M.  D.,  of  New  York.  In  one  handsome 
octavo  volume  of  about  300  pages,  with  about  125  fine  engravings.     Iff 'press. 

PAVY'S  TREATISE  ON  THE  FUNCTION  OF  DI- 
GESTION; its  Disorders  and  their  Treatment. 
From  the  second  London  edition.  In  one  octavo 
volume  of  2,38  pages.    Cloth,  S2.00. 

BARLOW'S  MANUAL  OF  THE  PRACTICE  OF 
MEDICINE.  With  additions  by  D.  F.  Condib, 
M.  D.     1  vol.  8vo.,  pp.  603.     Cloth,  82.50. 

CHAMBERS' MANUAL  OF  DIET  AND  REGIMEN 
IN  HEALTH  AND  SICKNESS.  In  one  hand- 
some octavo  volume  of  302  pp.     Cloth,  82.75. 

HOLLAND'S  MEDICAL  NOTES  AND  REFLEC- 
TIONS. 1  vol.  8vo.,  pp.  493.     Cloth,  83.50. 


8TURGES'  INTRODUCTION  TO  THE  STUDY 
OF  CLINICAL  MEDICINE.  Being  a  Guide  to 
the  Investigation  of  Disease.  In  one  handsome 
12mo.  volume  of  127  pages.    Cloth,  81.25. 

DAVIS'  CLINICAL  LECTURES  ON  VARIOUS 
IMPORTANT  DISEASES.  By  N.  S.  Davib, 
M.  D.  Edited  by  Feank  H.  Davis,  M.  D.  Second 
edition.    12mo.  287  pages.    Cloth,  81-75. 

TODD'S  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.  In  one  octavo  volume  of 
320  pages.    Cloth,  82.50. 


18         Lea  Brothers  &  Co.'s  Publications — Tliroat,  Liungs,  Heart. 
FLINT,  AVSTIJSr,  31.  D.,  ^ 

Profebsor  of  the  Principles  and  Practice  of  Medicine  in  Bellevue  Hospital  Medical  College,  N.  T. 

A.  Manual  of  Auscultation  and  Percussion ;  Of  the  Physical  Diagnosis  of 
Diseases  of  the  Lungs  and  Heart,  and  of  Thoracic  Aneurism.  Fourth  edition.  In  one 
handsome  royal  12mo.  volume  of  278  pages,  with  14  illustrations.  Cloth,  $1.75.  Just  ready. 
The  student  needs  a  flrst-class  text-book  in  percussion  to  private  classes,  composed  of  medical 
which  the  subject  is  fully  exolaiaed  for  him  to  students  and  practitioners.  The  fact  that  within 
studj'.  Dr.  Flint's  work  is  iust  such  a  book.  It  a  little  more  than  two  years  a  large  edition  of  this 
contains  the  substance  of  the  lessons  which  the  manual  has  been  exhausted,  is  proof  of  the  favor 
author  has  for  many  years  giveu  in  conaection  with  which  it  has  been  regarded  by  the  medical 
with   practical   instruction   in  auscultation   and    profession.— Cittcmnaii  Medical  News,  Feb.  1886. 


BY  THE  SAME  AUTHOR. 

Physical  Exploration  of  the  Lungs  by  Means  of  Auscultation  and 
Percussion.  Three  lectures  delivered  before  the  Philadelphia  County  Medical  Society, 
1882-83.     In  one  handsome  small  12mo.  volume  of  83  pages.     Cloth,  |1.00. 

A  Practical  Treatise  on  the  Physical  Exploration  of  the  Chest  and 
the  Diagnosis  of  Diseases  Aflfecting  the  Respiratory  Organs.  Second  and 
revised  edition.    In  one  handsome  octavo  volume  of  591  pages.    Cloth,  $4.50. 

Phthisis:  Its  Morbid  Anatomy,  Etiology,  Symptomatic  Events  and 
Complications,  Fatality  and  Prognosis,  Treatment  and  Physical  Diag- 
nosis ;  In  a  series  of  Clinical  Studies.  In  one  handsome  octavo  volume  of  442  pages. 
Cloth,  $3.50.  

A  Practical  Treatise  on  the  Diagnosis,  Pathology  and  Treatment  of 
Diseases  of  the  Heart.  Second  revised  and  enlarged  edition.  In  one  octavo  volume 
of  550  pages,  with  a  plate.    Cloth,  $4. 

Essays  on  Conservative  Medicine  and  Kindred  Topics.  In  one  very  hand- 
some royal  12mo.  volume  of  210  pages.     Cloth,  $1.38. 


BMOWmE,  LBWNOX,  F,  M.  C.  S.,  Fdin., 

Senior  Surgeon  to  the  Central  London  Throat  and  Ear  Hospital,  etc. 
The  Throat  and  its  Diseases.     Second  American  from  the  second  English  edi- 
tion, thoroughly  revised.     With  200  engravings  and  120  illustrations  in  colors.     In  one 
very  handsome  imperial  octavo  volume  of  about  350  pages.     Shortly. 

GROSS,  S,  D.f  M.n.,  LL.D,,  JD.C.L.  Oxon,,  ZL.D.  Cantab. 

A  Practical  Treatise  on  Foreign  Bodies  in  the  Air-passages.    In  one 

octavo  volume  of  452  pages,  with  59  illustrations.     Cloth,  $2.75. 


COHEN,  J.  SOLIS,  M.  D., 

Lecturer  on  Laryngoscopy  and  Diseases  of  the  Throat  and  Chest  in  the  Jefferson  Medical  College. 

Diseases  of  the  Throat  and  Nasal  Passages.  A  Guide  to  the  Diagnosis  and 
Treatment  of  Affections  of  the  Pharynx,  (Esophagus,  Trachea,  Larynx  and  Nares.  Third 
edition,  thoroughly  revised  and  rewritten,  with  a  large  number  of  new  illustrations.  In 
one  very  handsome  octavo  volume.     Preparing. 


SEILEU,  CAUL,  M.  D., 

Lecturer  on  Laryngoscopy  in  the  University  of  Pennsylvania. 

A  Handbook  of  Diagnosis  and  Treatment  of  Diseases  of  the  Throat, 
Nose  and  Naso-Pharynx.     Second  edition.    In  one  handsome  royal  12mo.  volume 

of  294  pages,  with  77  illustrations.     Cloth,  $1.75. 


It  is  one  of  the  best  of  the  practical  text-books 
on  this  subject  with  which  we  are  acquainted.  The 
present  edition  has  been  increased  in  size,  but  its 
eminently  practical  character  has  been  main- 
tained. Many  new  illustrations  have  also  been 
introduced,  a  case-record  sheet  has  been  added. 


and  there  are  a  valuable  bibliography  and  a  good 
index  of  the  whole.  For  any  one  who  wishes  to 
make  himself  familiar  with  the  practical  manage- 
ment of  cases  of  throat  and  nose  disease,  the  book 
will  be  found  of  great  value. — New  York  Medical 
Journal,  June  9,  1883. 


FULLER  ON  DISEASES  OF  THE  LQNGS  AND 
AIR-PASSAGES.  Their  Pathology,  Physical  Di- 
agnosis, Symptoms  and  Treatment.  From  the 
second  and  revised  English  edition.  In  one 
octavo  volume  of  475  pages.    Cloth,  $5.50. 

BLADE  ON  DIPHTHERIA;  its  Nature  and  Treat- 
ment, with  an  account  of  the  History  of  its  Pre- 
valence in  various  Countries.  Second  and  revised 
edition.     In  one  I'imo.  vol.,  pp.  158.    Cloth,  $\.'Zb. 

WALSH E  ON  THE  DISEASES  OF  THE  HEART 
AND  GREAT  VE.SSELS.  Third  American  edi- 
tion.   In  1  vol.  8vo.,  416  pp.    Cloth,  $3.00. 


SMITH  ON  CONSUMPTION;  its  Early  and  Reme- 
diable Stages.    1  vol.  8vo.,  pp.  253.    Cloth,  82.26. 

LA  ROCHE  ON  PNEUMONIA.  1  vol.  8vo.  of  490 
pages.    Cloth,  8:^.00. 

WILLIAMS  ON  PULMONARY  CONSUMPTION; 
its  Nature,  Varieties  and  Treatment.  With  an 
analysis  of  one  thousand  cases  to  exemplify  ita 
duration.   In  one  8vo.  vol.  of  303  pp.   Cloth,  82.50. 

JONES'  (CLINICAL  OBSERVATION'S  ON  FUNC- 
TIONAL NERVOUS  DISORDERS.  Second  Am- 
erican edition.  In  one  handsome  octavo  volume 
of  340  pages.    Cloth,  83.26. 


Lea  Brothers  &  Co.'s  Publications — New.  andMent.  Dis.,  etc.     19 


MOSS,  JAMES,  M.  D.,  F,  B,  O.  P.,  LZ,  D., 

Senior  Assistant  Physician  to  the  Manchester  Royal  Infirmary. 

A  Handbook  on  Diseases  of  the  Nervous    System.     In  one  octavo 
volume  of  725  pages,  with  184  illustrations.     Cloth,  $4.50 ;  leather,  $5.50. 

the  departmont  of  medicine  of  which  it  treats. 
Dr.  Ro,«s  holds  .such  a  high  scientific  position  that 


Thi.s  admirable  worlj  is  intended  for  students  of 
medicine  and  for  such  medical  men  as  have  no  time 
for  lengtiiy  treatii-es.  In  the  present  instance  the 
duty  of  arranging  the  vast  .store  of  material  at  the 
disposal  of  the  author,  and  of  abridging  the  de- 
scription of  the  different  aspects  of  nervous  dis- 
eases, has  been  performed  vpith  singular  skill,  and 
the  result  is  a  concise  and  philosophical  guide  to 


any  writings  which  bear  his  name  are  naturally- 
expected  to  have  the  impress  of  a  powerful  intel- 
lect. In  every  part  this  handbook  merits  the 
higtiest  praise,  and  will  no  doubt  be  found  of  the 
greatest  value  to  the  student  as  well  as  to  the  prac- 
titioner.— Edinburgh  MedicalJournal,  Jan.  1887. 


MITCHELL,  S.  WEIR,  M.  J>., 

Physician  to  Orthopaedic  Hospital  and  the  Infirmary  for  Diseases  of  the  Nervous  System,  Phila.,  etc. 

Lectures  on  Diseases  of  the  Wex'vous  System;  Especially  in  Women. 


Second  edition.     In  one  12mo.  volume  of 

No  work  in  our  language  develops  or  displays 
more  features  of  that  many-sided  affection,  hys- 
teria, or  gives  clearer  directions  for  its  differen- 
tiation, or  sounder  suggestions  relative  to  its 
general  management  and  treatment.  The  book 
is  particularly  valuable  in  that  it  represents  in 
the  main  the  author's  own  clinical  studies,  which 
have  been  so  extensive  and  fruitful  as  to  give  his 


Cloth,  $1.75. 
teachings  the  stamp  of  authority  all  over  the 
realm  of  medicine.  The  work,  although  written 
by  a  specialist,  has  no  exclusive  character,  and 
the  general  practitioner  above  all  others  will  find 
its  perusal  profitable,  since  it  deals  with  diseases 
which  he  frequently  encounters  and  must  essay 
to  treat. — American  Practitioner,  August,  1885, 


HAMILTON,  ALLAl^  McLANE,  M,  D,, 

Attending  Physician  at  the  Hospital  for  Epileptics  and  Paralytics,  BlackwelVs  Island,  N.  T. 
Nervous  Diseases ;  Their  Description  and  Treatment.     Second  edition,  thoroughly 
revised  and  rewritten.    In  one  octavo  volume  of  598  pages,  with  72  illustrations.    Cloth,  $4. 

When  the  first  edition  of  this  good  book  appeared     characterized  this  book  as  the  best  of  its  kind 
we  gave  it  our  emphatic  endorsement,  and  the     any  language,  which  is  a  handsome  endorsement 
present  edition  enhances  our  appreciation  of  the 
book  and  its  author  as  a  safe  guide  to  students  of 
clinical  neurology.      One  of  the  best  and  most 
critical  of  English  neurological  journals,  Brain,  has 


from  an  exalted  source.  The  improvements  in  the 
new  edition,  and  the  additions  to  it,  will  justify  its 
purchase  even  by  those  who  possess  the  old.- 
Alienist  and  Neurologist,  April,  1882. 


TUKE,  DAJnCEL  MACK,  M.  !>,, 

Joint  Author  of  The  Manual  of  Psychological  Medicine,  etc. 

Illustrations  of  the  Influence  of  the  Mind  upon  the  Body  in  Health 
and  Disease.  Designed  to  elucidate  the  Action  of  the  Imagination.  New  edition. 
Thoroughly  revised  and  rewritten.  In  one  handsome  octavo  volume  of  467  pages,  with 
two  colored  plates.     Cloth,  $3.00. 


It  is  impossible  to  peruse  these  interesting  chap- 
ters without  being  convinced  of  the  author's  per- 
fect sincerity,  impartiality,  and  thorough  mental 
grasp.  Dr.  Tuke  has  exhibited  the  requisite 
amount  of  scientific  address  on  all  occasions,  and 
the  more  intricate  the  phenomenathe  more  firmly 
'has   he  adhered  to  a  physiological  and  rational 


method  of  interpretation.  Guided  by  an  enlight- 
ened deduction,  the  author  has  reclaimed  for 
science  a  most  interesting  domain  in  psychology, 
previously  abandoned  to  charlatans  and  empirics. 
This  book,  well  conceived  and  well  written,  must 
commend  itself  to  every  thoughtful  understand- 
ing.—iVew  York  Medical  Journal,  September  6, 1884. 


CLOVSTON,  THOMAS  S.,  M.  D,,  F.  JR.  C,  P.,  i.  B,.  C.  S,, 

Lecturer  on  Mental  Diseases  in  the  University  of  Edinburgh. 

Clinical  Lectures  on  Mental  Diseases.  With  an  Appendix,  containing  an 
Abstract  of  the  Statutes  of  the  United  States  and  of  the  Several  States  and  Territories  re- 
lating to  the  Custody  of  the  Insane.  By  Charles  F.  FoiiSOM,  M.  D.,  Assistant  Professor 
of  Mental  Diseases,  Med.  Dep.  of  Harvard  Univ.  In  one  handsome  octavo  volume  of  541 
pages,  with  eight  lithographic  plates,  four  of  which  are  beautifully  colored.     Cloth,  $4. 

The  practitioner  as  well  as  the  student  will  ac-  the  general  practitioner  in  guiding  him  to  a  diag- 
cept  the  plain,  practical  teaching  of  the  author  as  a  nosis  and  indicating  the  treatment,  especially  in 
forward  step  in  the  literature  of  insanity.  It  is  many  obscure  and  doubtful  cases  of  mental  dis- 
refreshing  to  find  a  physician  of  Dr.  Clouston's  ease.  To  the  American  reader  Dr.  Folsom's  Ap- 
experience  and  high  reputation  giving  the  bed-  pendix  adds  greatly  to  the  value  of  the  work,  and 
sicle  notes  upon  which  his  experience  has  been  will  make  it  a  desirable  addition  to  every  library, 
founded  and  his  mature  judgment  established.  —American  Psychological  Journal,  Jn\y,l&84. 
Such  clinical  observations  cannot  but  be  useful  to 

B^-Dr.  Folsom's  Abstract  may  also  be  obtained  separately  in  one  octavo  volume  of 
108  pages.    Cloth,  $1.50.     

SAVAGE,  GEOBGE  M.,  M,  D., 

Lecturer  on  Mental  Diseases  at  Guy's  Hospital,  London. 
Insanity  and  Allied  Neuroses,  Practical  and  Clinical.    In  one  12mo.  vol. 
of  551  pages,  with  18  illus.     Cloth,  $2.00.     See  Series  of  Clinical  Manuals,  page  4. 

JPLATFAIB,  W,  S,,  M,  H,,  F,  B.  C,  P., 

The  Systematic  Treatment  of  Nerve  Prostration  and  Hysteria.    In 

one  handsome  small  12mo.  volume  of  97  pages.     Cloth,  $1.00. 

Blandford  on  Insanity  and  its  Treatment:   Lectures  on  the  Treatment, 

Medical  and  Legal,  of  Insane  Patients.    In  one  very  handsome  octavo  volume. 
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ASHBTfRST,  JOHN,  Jv,,  M.  D., 

Professor  of  Clinical  Surgery,  Univ.  of  Penna.,  Surgeon  to  the  Episcopal  Hospital,  Philadelphia. 
The  Principles  and  Practice  of  Surgery.     New  (fourth)  edition,  enlarged 
and  revised,     in  one  large  and  handsome  octavo  volume  of  1114  pages,  with  597  illustra- 
tions.    Cloth,  $6-;  leather,  |7  ;  half  Russia,  $7.50. 


As  with  Erichsea  so  with  Ashhurst,  its  position 
in  professional  favor  is  established,  and  one  has 
now  but  to  notice  the  changes,  if  any,  in  theory 
and  practice,  that  are  apparent  in  the  present 
as  compared  with  the  preceding  edition,  published 
three  years  ago.  The  work  has  been  brought  well 
up  to  date,  aad  is  larger  and  better  illustrated  than 
before,  and  its  author  may  rest  assured  that  it  will 
certainly  have  a  "  continuance  of  the  favor  with 
which  it  has  heretofore  been  received."— T/ie 
American  Journal  of  the  Medical  Sciences,  Jan.  1886. 


Every  advance  in  surgery  worth  notice,  chroni- 
cled in  recent  literature,  has  been  suitably  recog- 
nized and  noted  in  its  proper  place.  Suffice  it  to 
say,  we  regard  Ash  hurst's  Surgery,  as  now  pre- 
sented in  the  fourth  edition,  as  the  best  single 
volume  on  surgery  published  in  the  English  lan- 
guage, valuable  alike  to  the  student  and  the  prac- 
titioner, to  the  one  as  a  text-book,  to  the  other  as 
a  manual  of  practical  surgery.  With  pleasure  we 
give  this  volume  our  endorsement  in  full.— iVew 
Orleans  Medical  and  Surgical  Journal,  Jan.,  1886. 


GROSS,  S,  !>.,  M.  !>.,  ii.  J>.,  n,  C,  X.   Oocon,,  LL.  D. 
Cantab,, 

Emeritus  Professor  of  Surgery  in  the  Jefferson  Medical  College  of  Philadelphia. 
A  System  of  Surgery :    Pathological,    Diagnostic,  Therapeutic  and  Operative. 
Sixth  edition,  thoroughly  revised  and  greatly  improved.     In  two  large  and  beautifully- 
printed  imperial  octavo  volumes  containing  2382  pages,  illustrated  by  1623  engravings. 
Strongly  bound  in  leather,  raised  bands,  $15 ;  half  Russia,  raised  bands,  $16. 

His  System  of  Surgery,  which,  since  its  first  edi- 
tion in  1859,   has  been  a  standard  work   in  this 


Dr.  Gross'  Si/stem  of  Surqery  has  long  been  the 
standard  work  on  that  subject  for  students  and 
practitioners. — London  Lancet,  May  10,  1884. 

The  work  as  a  whole  needs  no  commendation. 
Many  years  ago  it  earned  for  itself  the  enviable 
reputation  of  the  leading  American  work  on  sur- 
gery, and  it  is  still  capable  of  maintaining  that 
standard.  A  considerable  amount  of  new  material 
has  been  introduced,  and  altogether  the  distin- 
guished author  has  reason  to  be  satisfied  that  he 
has  placed  the  work  fully  abreast  of  the  state  of 
our  knowledge.— ilfeci.  Record,  Nov.  18, 1882. 


country  as  well  as  in  America,  in  "the  whole 
domain  of  surgery,"  tells  how  eai'uest  and  labori- 
ous and  wise  a  surgeon  he  was.  how  thoroughly 
he  appreciated  the  work  done  by  men  in  other 
countries,  and  how  much  he  contributed  to  pro- 
mote the  science  and  practice  of  surgery  in  his 
own.  There  has  been  no  man  to  whom  America 
is  so  much  indebted  in  this  respect  as  the  Nestor 
of  surgery. —British  Medical  Journal,  May  10, 1884. 


GOUZn,  A,  PEARCB,  M.  S.,  M,  B.,  F.  M.  C.  S,, 

Assistant  Surgeon  to  Middlesex  Hospital. 

Elements  of  Surgical  Diagnosis.    In  one  pocket-size  12mo.  volume  of  589 
pages.     Cloth,  $2.00.     See  Students'  Series  of  Manuals,  page  4. 

This  book  will  be  found  to  be  a  most  useful 
guide  for  the  hard-worked  practitioner.  Mr. 
Gould's  style  is  eminently  clear  and  precise,  and 


we  can  cordially  recommend  the  manual  as  being 
the  outcome  of  the  efforts  of  an  honest  and  thor- 
oughly practical  surgeon.— T/je  Medical  News,  Jan. 
24, 1885. 


This  is  a  capital  little  book,  written  by  a  prac- 
tical man  on  a  very  practical  subject.  The  topics 
are  very  systematically  and  succinctly  arranged, 
are  tersely  presented,  and  the  points  of  diagnosis 
very  intelligently  discussed.  It  will  be  found  to 
be  of  thp  greatest  amount  of  help  both  to  teacher 
and  stu.'\<r^i.— Medical  Record,  Feb.  28,  1885. 


GIBNBT,  r,  B,,  M.  J>., 

Surgeon  to  the  Orthopaedic  Hospital,  New  York,  etc. 
Orthopsedic  Surgery.    For  the  use  of  Practitioners  and  Students, 
some  octavo  volume,  profusely  illustrated.     Preparing. 


In  one  hand- 


DBUITT,  BOBEBT,  M,  B,  C,  S.,  etc. 

The  Principles  and  Practice   of  Modern    Surgery.    From  the  eighth 
Ijondon  edition.     In  one  8vo.  volume  of  687  pages,  with  432  illus.     Cloth,  $4 ;  leather,  $5. 


BOBEBTS,  J0B:N  B,,  A,  M.,  M,  B,, 

Lecturer  on  Anatomy  and  on  Operative  Surgery  at  the  Philadelphia  School  of  Anatomy. 

The  Principles  and  Practice  of  Modern  Surgery.  For  the  use  of  Students 
and  Practitioners  of  Medicine  and  Surgery.  In  one  very  handsome  octavo  volume  of  about 
500  pages,  with  many  illustrations.     Preparing. 


BELLAMY,  EDWABB,  F,  B,  C.  S., 

Surgeon  and  Lecturer  on  Surgery  at  Charing  Cross  Hospital,  London. 
Operative  Surgery.     Shortly.     See  Students'  Series  of  Manuals,  page  4. 


PIRRIE'S  PRINCIPLES  AND  PRACTICE  OF 
SURGERY.  Edited  by  John  Neill,  M.  D.  In 
one  8vo.  vol.  of  784  pp.  with  316  illus.     Cloth,  S:j.75. 

MILLER'S  PRACTICE  OF  SURGERY.  Fourth 
and  revised  American  from  the  la.st  Edinburgh 
edition.  In  one  large  8vo.  vol.  of  682  pages,  with 
364  illustrations.    Cloth,  $3.76. 


SKEY'S  OPERATIVE  SURGERY.  In  one  voLSvo. 
of  661  pages,  with  81  woodcuts.     Cloth,  $3.25. 

MILLER'S  PRINCIPLES  OF  SURGERY.  Fourth 
Americaen  from  the  third  Edinburgh  edition.  In 
one  8vo.  vol.  of  638  pages,  with  340  illustrations. 
Cloth,  $3.75. 
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EBICHSEN,  JOHN  J5J.,  F.  B.  S.,  F,  M. 

Professor  of  Surgery  in  University  College,  London,  etc. 

The  Science'  and  Art  of  Surgery ;  Being  a  Treatise  on  Surgical  Injuries,  Dis- 
eases and  Operations.  From  the  eiglitli  and  enlarged  English  edition.  In  two  large  and 
beautiful  octavo  volumes  of  2316  pages,  illustrated  with  984  engravings  on  wood. 
Cloth,  |9;  leather,  raised  bands,  $11 ;  half  Eussia,  raised  bands,  $12. 

In  noticing  the  eighth  edition  of  this  well-  years  and  maintaining  during  that  period  a  re- 
known  work,  it  would  appear  superfluous  to  say 
more  than  that  it  has,  like  its  predecessors,  been 
brought  fully  up  to  the  times,  and  is  in  conse- 
quence one  of  the  best  treatises  upon  surgery  that 
has  ever  been  penned  by  one  man.  We  have  al- 
ways regarded  "The  Science  and  Art  of  Surgery" 
as  one  of  the  best  surgical  text-books  in  the 
English  language,  and  this  eighth  edition  only 
confirms  our  previous  opinion.  AVe  take  great 
pleasure  in  cordially  commending  it  to  our  xe&A- 
ers.— The  Medical  News,  April  11, 1885. 

After   being   before    the    profession   for  thirty 


putation  as  a  leading  work  on  surgery,  there  is  not 
much  to  be  said  in  the  way  of  comment  or  criti- 
cism. That  it  still  holds  its  own  goes  without  say- 
ing. The  author  infuses  into  it  his  large  experi- 
ence and  ripe  judgment.  Wedded  to  no  school, 
committed  to  no  theory,  biassed  by  no  hobby,  he 
imparts  an  honest  personality  in  his  observations, 
and  his  teachings  are  the  rulings  of  an  impartial 
judge.  Such  men  are  always  safe  guides,  and  their 
works  stand  the  tests  of  time  and  experience. 
Such  an  author  is  Erichsen,  and  such  a  work  is  his 
Surgery.— Medical  Record,  Feb.  21, 1885. 


BUTAJS^T,  THOMAS,  F,  B.  C,  S., 

Surgeon  and  Lecturer  on  Surgery  at  Guy''s  Hospital,  London. 
The  Practice  of  Surgery.     Fourth  American  from  the  fourth  and  revised  Eng- 
lish edition.     In  one  large  and  very  handsome  imperial  octavo  volume  of  1040  pages,  with 
727  illustrations.     Cloth,  $6.50;  leather,  $7.50;  half  Eussia,  $8.00. 


books  for  the  medical  student.  Almost  every 
topic  in  surgery  is  presented  in  such  a  form  as  to 
enable  the  busy  practitioner  to  review  any  subject 
in  every-day  practice  in  a  short  time.  No  time  is 
lost  with  useless  theories  or  superfluous  verbiage. 
In  short,  the  work  is  eminently  clear,  logical  and 
practical.— CAicajfo  Medical  Journal  and  Examiner, 
April,  1886. 


The  fourth  edition  of  this  work  is  fully  abreast 
of  the  times.  The  author  handles  his  subjects 
with  that  degree  of  judgment  and  skill  which  is 
attained  by  years  of  patient  toil  and  varied  ex- 
perience. The  present  edition  is  a  thorough  re- 
vision of  those  which  preceded  it,  with  much  new 
matter  added.  His  diction  is  so  graceful  and 
logical,  and  his  explanations  are  so  lucid,  as  to 
place  the  work  among  the  highest  order  of  text- 

By  the  same  Author. 
Diseases  of  the  Breast.    In  one  12mo.  volume.   Preparing.   See  Series  of  Clinical 
Manuals,  page  4. 

TBFVFS,  FBEJDJEBICK,  F.  B,  C,  S., 

Hunterian  Professor  at  the  Royal  College  of  Surgeons  of  England. 
A  Manual   of   Surgery.     In  Treatises  by  Various  Authors.     In  three  12mo. 

volumes,  containing  1866  pages,  with  213  engravings.     Price  per  volume,  cloth,  $2.     See 

Students'  Series  of.  Manuals,  page  4. 

in  the  choice,  arrangement  and  logical  sequence  of 
the  subjects.  Every  topic,  as  far  as  observed,  is 
treated  with  a  fulness  of  essential  detail,  which  is 
somewhat  surprising  in  view  of  the  necessary 
limitations  of  space.  Another  characteristic  of  the 
work  is  the  well-nigh  universal  acceptance  of  mod- 
ern and  progressive  views  of  pathology  and  treat- 
ment. The  entire  work  is  conceived  and  executed 
in  a  scientific  spirit.  It  is  conservative  without 
bigotry  and  contains  the  bone  and  marrow  of  mod- 
ern surgery.  Taking  the  manual  in  its  entirety, 
it  unquestionably  fills  a  place  in  the  surgeon's 
library  which  would  otherwise  be  untenanted. — 
Annals  of  Surgery,  Oct.  1886. 


We  have  here  the  opinions  of  thirty-three 
authors,  in  an  encyclopedic  form  for  easy  and 
ready  reference.  The  three  volumes  embrace 
every  variety  of  surgical  affections  likely  to  be 
met  with,  the  paragraphs  are  short  and  pithy,  and 
the  salient  points  and  the  beginnings  of  new  sub- 
jects are  always  prmted  in  extra-heavy  type,  so 
that  a  person  may  find  whatever  information  he 
may  be  in  need  of  at  a  moment's  glance.  The 
authors  have  confined  themselves  to  stating  only 
what  is  really  important  to  know,  free  from  all 
difl'useness  and  unnecessary  adornment. — Cinctn~ 
nati  Lancet-Clinic,  August  21, 1886. 

The  hand  of  Mr.  Treves  is  evident  throughout 


BUTLIJ^,  HBWBT  T,,  F,  B,  C.  S., 

Assistant  Surgeon  to  St.  Bartholomew'' s  Hospital,  London. 

Diseases    of  the  Tongue.     In  one  12mo.  volume  of  456  pages,  with 
plates  and  3  woodcuts.     Cloth,  $3.50.     See  Series  of  Clinical  Manuals,  page  4. 

Twenty- four  excellent  colored  lithographs,  illus- 
trating the  disea'ied  condition  of  the  organ  have 
been  added,  which  much  increase  the  value  of 
the  book.  Mr.  Butlin  has  written  a  work  of  great 
merit,  and  the  book  is  a  valuable  addition  to  sur- 
gical literature. — New  York  Medical  Journal,  July 
17,  1886. 

The  language  of  the  text  is  clear  and  concise. 


colored 


The  author  has  aimed  to  state  facts  rather  than  to 
express  opinions,  and  has  compressed  within  the 
compass  of  this  small  volume  the  pathology,  etiol- 
ogy, etc.,  of  diseases  of  the  tongue  that  are  incon- 
veniently scattered  through  general  works  on  sur- 
gery and  the  practice  of  medicine.  The  physician 
and  surgeon  will  appreciate  its  value  as  an  aid  and 
guide.— Physician  and  Surgeon,  Sept.  1886. 


TBFVFS,  FBEDFBICK,  F.  B.  C  S., 

Surgeon  to  and  Lecturer  on  Surgery  at  the  London  Hospital. 
Intestinal  Obstruction.    In  one  pocket-size  12mo.  volume  of  522  pages,  with  60 
illustrations.  Limp  cloth,  blue  edges,  $2.00.     See  Series  of  Clinical  Manuals,  page  4. 

A  standard  work  on  a  subject  that  has  not  been 
so  comprehensively  treated  by  any  contemporary 
English  writer.    Its  completeness  renders  a  full 


review  difficult,  since  every  chapter  deserves  mi- 
nute attention,  and  it  is  impossible  to  do  thorough 


justice  to  the  author  in  a  few  paragraphs.  Intes- 
tinal Obstruction  is  a  work  that  will  prove  of 
equal  value  to  the  practitioner,  the  student,  the 
pathologist,  the  physician  and  the  operating  sur- 
■British  Medical  Journal,  Jan.  31, 1885. 


geon.- 


BALL,  CHABLFS  B.,  M.  CJi.,  Hub.,  F,  B.  C.  S,  E,, 

Surgeon  and  Teacher  at  Sir  P.  Dun's  Hospital,  Lublin. 

Diseases  of  the  Rectum  and  Anus.    In  one  12mo.  volume  of  550  pages. 
Preparing.     See  Series  of  Clinical  Manuals,  page  4. 
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SOLMBS,  TIMOTHY,  M,  A,, 

Surgeon  and  Lecturer  on  Surgery  at  St.  George's  Hospital,  London. 

A  System  of  Surgery ;  Theoretical  and  Practical.  IN  TREATISES  BY 
VARIOUS  AUTHORS.  American  edition,  thoroughly  revised  and  re-edited 
by  John  H.  Packard,  M.  D.,  Surgeon  to  the  Episcopal  and  St.  Joseph's  Hospitals, 
PhiLadelphia,  assisted  by  a  corps  of  thirty-three  of  the  most  eminent  American  surgeons. 
In  three  large  and  very  handsome  imperial  octavo  volumes  containing  3137  double- 
columned  pages,  with  979  illustrations  on  wood  and  13  lithographic  plates,  beautifully 
colored.  _  Price  per  set,  cloth,  |18.00;  leather,  |21.00;  half  Russia,  $22.50.  Sold  only  by 
subscription. 

MA3IILTOJ^,  FRAJSTK  S.,  M,  D,,  LL,  2>., 

Surgeon  to  BeUevue  Hospital,  New  York. 

A  Practical  Treatise  on  Fractures  and  Dislocations.  Seventh  edition 
thoroughly  revised  and  much  improved.  In  one  very  handsome  octavo  volume  of  998 
pages,  with  379  illustrations.     Cloth,  $5.50 ;  leather,  $6.50 ;  very  handsome  half  Russia, 


open  back,  $7.00 

It  is  about  twenty-five  years  ago  since  the  first 
edition  of  this  great  work  appeared.  The  edition 
now  issued  is  tlie  seventh,  and  this  fact  alone  is 
enough  to  testify  to  the  excellence  of  it  in  all  par- 
ticulars. Books  upon  special  subjects  do  not 
usually  command  extended  sale,  but  this  one  is 
without  a  rival  in  any  language.  It  is  essentially 
a  practical  treatise,  and  it  gathers  within  its  covers 
almost  everything  valuable  that  has  been  written 
about  fractures  and  dislocations.  The  principles 
and  methods  of  treatment  are  very  fully  given. 
The  book  is  so  well  known  that  it  does  not  require 


any  lengthened  review.  We  can  only  say  that  it 
is  still  unapproached  as  a  treatise,  and  that  it  is  a 
proof  of  the  zeal  and  industry  ana  great  ability  of 
its  distinguished  author.— TAe  Dublin  Journal  of 
Medical  Science,  Feb.  1886. 

His  famous  treatise  on  Fractures  and  Disloca- 
tions, published  first  in  18G0,  is  justly  regarded  as 
the  best  book  on  that  subject  in  existence.  It  has 
now  run  through  seven  editions,  and  has  been 
translated  into  French  and  German.— if edicaJ 
Record,  Aug.  14, 1886. 


SMITH,  STEPHEN,  M.  D,, 

Visiting  Surgeon  to  BeUevue  and  St.  Vincent's  Hospitals,  N.  Y. 

The  Principles  and  Practice  of  Operative  Surgery.  New  (second)  and 
thorouglily  revised  edition.  In  one  very  handsome  octavo  volume  of  892  pages,  with 
1005  illustrations.     Cloth,  $4,00;  leather,  $5.00.     Just  ready. 

EXTRACT  FROM  THE  PREFACE  TO  THE  SECOND  EDITION. 

This  work  was  first  published  in  1879,  and  although  there  have  been  repeated  large 
issues  since  that  date,  there  has  been  no  change  whatever  in  the  text  until  the  present, 
which  must  therefore  be  regarded  as  the  second  and  only  revised  edition.  "To  make  the 
work  a  proper  exponent  of  the  present  state  of  Operative  Surgery  has  required  a  complete 
revision  of  nearly  the  entire  text.  This  has  been  carefully  performed,  and  the  author  has 
the  satisfaction  of  believing  that  the  work  now  embraces  the  latest  advances  in  the  field 
of  new  operations,  and  that  the  details  of  the  most  approved  antiseptic  methods  have 
been  placed  in  such  a  light  that  they  may  be  easily  mastered  and  utilized  by  every 
practitioner. 

STIMSON,  LEWIS  A,,  B.  A.,  M,  D., 

Professor  of  Pathological  Anatomy  at  the  University  of  the  City  of  New  York,  Surgeon  and  Cwrator 
to  BeUevue  Hospital,  Surgeon  to  the  Presbyterian  hospital.  New  York,  etc. 

A  Manual  of  Operative  Surgery.  New  (second)  edition.  In  one  very  hand- 
some royal  12mo.  volume  pf  503  pages,  with  342  illustrations.     Cloth,  $2.50.     Just  ready. 


There  is  always  room  for  a  good  book,  so  that 
while  many  works  on  operative  surgery  must  be 
considered  superfluous,  that  of  Dr.  Stimson  has 
held  its  own.  The  author  knows  the  difficult  art 
of  condensation.  Thus  the  manual  serves  as  a 
work  of  reference,  and  at  the  s-ame  time  as  a 
handy  guide.  It  teaches  what  it  professes,  the 
steps  of  operations.  In  this  edition  Dr.  Stimson 
has  sought  to  indicate  the  changes  that  have  been 


effected  in  operative  methods  and  procedures  by 
the  antiseptic  system,  and  has  added  an  account 
of  many  new  operations  and  variations  in  the 
steps  of  older  operations.  We  do  not  desire  to 
extol  this  manna)  above  many  excellent  standard 
British  publications  of  the  same  class,  still  we  be- 
lieve that  it  contains  much  that  is  worthy  of  imi- 
tation.—jBritis/i  Medical  Journal,  Jan.  22, 1887. 


By  the  same  Author. 
A  Practical  Treatise  on  Fractures.    In  one  very  handsome  octavo  volume  of 
598  pages,  with  360  beautiful  illustrations.     Cloth,  $4.75 ;  leather,  $5.75. 

The  author  has  given  to  the  medical  profession  ough.  The  chapters  on  repair  of  fractures  and  their 
in  this  treatise  on  fractures  what  is  likely  to  be-  treatment  show  him  not  only  to  be  a  profound  stu- 
come  a  standard  work  on  the  subject.  It  is  certainly  dent,  but  likewise  a  practical  surgeon  and  patholo- 
not  surpassed  by  any  work  written  in  the  English,  gist.  His  mode  of  treatment  of  the  different  fracfc- 
or,  for  that  matter,  any  other  language.  The  au-  uresiseminentlvsoundand  practical.  VVeconsider 
thor  tells  us  in  a  short,  concise  and  comprehensive  this  work  one  of  the  best  on  fractures  ;  and  it  will 
manner,  all  that  is  known  about  his  subject.  There  be  welcomed  not  only  as  a  text-book,  but  also  by 
is  nothing  scanty  or  superficial  about  it,  as  in  most  the  surgeon  in  full  practice. — N.  O.  Medical  and 
other  treatises ;  on  the  contrary,  everything  is  thor-    Surgical  Journal,  March,  1883. 

MARSH,  HOWAItD,  F.  R.  C.  S., 

Senior  Assistant  Surgeon  to  and  Lecturer  on  Anatomy  at  St.  Bartholomew's  Hospital,  London. 
Diseases  of  the  Joints,     in  one  12mo.  volume  of  468  pages,  with  64  woodcuts 
and  a  colored  plate.     Cloth,  $2.00.     Just  ready.     See  Series  of  Clinical  Manuals,  page  4. 

FICK,  T.  FICKEBim^,  F,  R.  C.  S., 

Surgcm  to  and  Lecturer  on  Surgery  at  St.  Oeofrge's  Hospital,  London. 

Fractures  and  Dislocations.     In  one  12mo.  volume  of  530  pages,  with  93 
illustrations.     Limp  cloth,  2.00.     See  Series  of  Clinical  Manuals,  page  4. 
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BVUNBTT,  CHARLES  H.,  A.  M.,  M,  D., 

Profesaor  of  Otology  in  the  Philadelphia  Polyclinic;  President  of  the  American  Otological  Society. 

The  Ear,  Its  Anatomy,  Physiology  and  Diseases.  A  Practical  Treatise 
for  the  use  of  Medical  Students  and  Practitioners.  New  (second)  edition.  In  one  handsome 
octavo  volume  of  580  pages,  witli  107  illustrations.   Cloth,  $4.00 ;  leatlier,  $5.00. 

carried  out,  and  much   new   matter  added.    Dr. 


We  note  with  pleasure  tlie  appearance  of  a  second 
edition  of  this  vahiable  worlc.  When  it  first  came 
out  it  was  accepted  by  the  profession  as  one  of 
the  standard  works  on  modern  aural  surgery  in 
the  English  language;  and  in  his  second  edition 
Dr.  Burnett  has  fully  maintained  his  reputation, 
for  the  boolv  is  replete  with  valuable  information 
and  suggestions.    The  revision  has  been  carefully 


Burnett's  work  must  be  regarded  as  a  very  valua- 
ble contribution  to  aural  surgery,  not  only  on 
account  of  its  compreliensivene.s.s,  but  because  it 
contains  the  results  of  the  careful  personal  observa- 
tion and  experience  of  this  eminent  aural  surgeon. 
—London  Lancet,  Feb.  21, 1885. 


POLITZBM,  ADAH, 

Lnperinl- Royal  Prof,  of  Aural  Therap.  in  the  Univ.  of 

A  Text-Book  of  the  Ear  and  its  Diseases.  Translated,  at  the  Author's  re- 
quest, by  James  Patterson  Cassells,  M.  D.,  M.  E.  C.  S.  In  one  handsome  octavo  vol- 
ume of  800  pages,  with  257  original  illustrations.     Cloth,  $5.50. 

The  work  itself  we  do  not  hesitate  to  pronounce 
the  best  upon  the  subject  of  aural  diseases  wliich 
has  ever  appeared,  systematic  without  being  too 
diffuse  on  obsolete  subjects,  and  eminently  prac- 
The  


tical  in  every  sense.  The  anatomical  descriptions 
of  each  separate  division  of  the  ear  are  admirable, 
and  profusely  illustrated  by  woodcuts.  They  are 
followed  immediately  by  the  physiology  of  the 


section,  and  this  again  by  the  pathological  physi- 
ology, an  arrangement  wliich  serves  to  keep  up  the 
interest  of  the  student  by  showing  the  direct  ap- 
plication of  what  has  preceded  to  the  study  of  dis- 
ease. The  whole  work  can  be  recommended  as  a 
reliable  guide  to  the  student,  and  an  efficient  aid 
to  the  practitioner  in  his  treatment.— fioston  Med- 
ical and  Surgical  Journal,  June  7, 1883. 


JULJEB,,  HEJSrMY  B,,  F.  M.  C.  S., 

Senior  Ass't  Surgeon,  Royal  Westminster  Ophthalmic  Rosp. ;  late  Clinical  Ass't,  Moorjields,  London. 

A  Handbook  of  Ophthalmic  Science  and  Practice.  In  one  handsome 
octavo  volume  of  460  pages,  with  125  woodcuts,  27  colored  plates,  selections  from  the 
Test-types  of  Jaeger  and  Snellen,  and  Holmgren's  Color-blindness  Test.  Cloth,  $4.50  ; 
leather,  $5.50. 

This  work  is  distinguished  by  the  great  num- 
ber of  colored  plates  which  appear  in  it  for  illus- 
trating various  pathological  conditions.  They  are 
very  beautiful  iii  appearance,  and  have  been 
executed  with  great  care  as  to  accuracy.  An  ex- 
amination of  the  work  shows  it  to  be  one  of  high 
standing,  one  that  will  be  regarded  as  an  authority 


among   ophthalmologists.    The  treatment  recom- 
mended is  such  as  the  author  has  learned  from 
actual  experience  to  be  the  best. — Cincinnati  Medi- 
cal News,  Dec.  1884. 
It  presents  to  the  student  concise  descriptions 


and  typical  illustrations  of  all  important  eye 
affections,  placed  in  juxtaposition,  so  as  to  be 
grasped  at  a  glance.  Beyond  a  doubt  it  is  the 
best  illustrated  handbook  of  ophthalmic  science 
which  has  ever  appeared.  Then,  what  is  still 
better,  these  illustrations  are  nearly  all  original. 
We  have  examined  this  entire  work  with  great 
care,  and  it  represents  the  commonly  accepted 
views  of  advanced  ophthalmologists.  .We  can  most 
heartily  commend  this  book  to  all  medical  stu- 
dents, practitioners  and  specialists.  —  Detroit 
Lancet,  Jan.  1885. 


Ophthalmic  Surgeon  to  and  Lecturer  on  Oph- 
thalmic Surgery  at  St.  George's  Hospital, 
London. 


CAMTBB,  a,  BMUDBJSTBLL,   &  FUOST,  W.ADAMS, 

F,  JR.  C,  S,,  F.  JR.  C.  S., 

Assistant  Ophthalmic  Surgeon  to  and  Joint 
Lecturer  on  Ophthalmic' Surgery   at   St. 
George's  Hospital,  London. 
Ophthalmic  Surgery.     In  one  12mo.  volume  of  about  400  pages.    Preparing. 
See  Series  of  Clinical  Manuals,  page  4. 

JS^OMJRIS,  WM.  F.,  JH.  jy.,  and  OLIVBM,  CJETAS.  A.,  JK.  D. 

Clin.  Prof,  of  Ophthalmology  in  Univ.  of  Pa. 

A  Text-Book  of  Ophthalmology.  In  one  octavo  volume  of  about  500  pages, 
with  illustrations.     Preparing. 

WBLLS,  J.  SOBLBBRG,  F.  M.  C.  S., 

Professor  of  Ophthalmology  in  King's  College  Hospital,  London,  etc. 

A  Treatise  on  Diseases  of  the  Eye.  New  (fifth)  American  from  the  third 
London  edition.  Thoroughly  revised,  with  copious  additions,  by  L.  Webster  Fox,  M.  D. 
In  one  large  octavo  volume  of  about  850  pages,  with  about  275  illustrations  on  wood,  six 
colored  plates,  and  selections  from  the  Test-types  of  Jaeger  and  Snellen.    Preparing. 

J^BTTLBSJSIF,  BDWAMD,  F.  JR.  C.  S., 

Ophthalmic  Surg,  and  Lect.  on  Ophth.  Surg,  at  St.  Thomas'  Hospital,  London. 

The  Student's  Guide  to  Diseases  of  the  Eye.  Second  edition.  With  a  chap- 
ter on  the  Detection  of  Color-Blindness,  by  William  Thomson,  M.  D.,  Ophthalmologist 
to  the  Jeflfei'son  Medical  College.  In  one  royal  12mo.  volume  of  416  pages,  with  138 
illustrations.     Cloth,  $2.00.       

BMOWJ^B,  BJyGAM  A., 

Surgeon  to  the  Liverpool  Eye  and  Ear  Infirmary  and  to  the  Dispensary  for  Skin  Diseases. 
How  to  Use  the  Ophthalmoscope.     Being  Elementary  Instructions  in  Oph- 
thalmoscopy, arranged  for  the  use  of  Students.    In  one  small  royal  12mo.  volume  of  116 
pages,  with  35  illustrations.     Cloth,  $1.00. 

LAURENCE  AND  MOON'S  HANDY  BOOK  OP 
OPHTHALMIC  SURGERY,  for  the  use  of  Prac- 
titioners. Second  edition.  In  one  octavo  vol- 
ume of  227  pages,  with  65  lllust.    Cloth,  $2.75.    I 


LAWSON  ON  INJURIES  TO  THE  EYE,  ORBIT 
AND  EYELIDS:  Their  Immediate  and  Remote 
8  vo.,  404  pp.,  92  illus.    Cloth,  $3.50. 
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ROBERTS^  WILLIAM,  M.  J)., 

Lecturer  on  Medicine  in  the  Mancheiter  School  of  Medicine,  etc. 

A  Practical  Treatise  on  Urinary  and  Renal  Diseases,  including  Uri- 
nary Deposits.  Fourth  American  from  the  fourth  London  edition.  In  one  hand- 
some octavo  volume  of  609  pages,  with  81  illustrations.     Cloth,  $3.50. 


The  previous  editions  of  this  book  have  made  it 
so  familiar  to  and  so  highly  esteemed  by  the  med- 
ical public,  that  little  more  is  necessary  than  a 
mere  announcement  of  the  appearance  of  this, 
their  successor.  But  it  is  pleasant  to  be  able  to 
say  that,  good  as  those  were,  this  is  still  better. 
In  fact,  we  think  it  may  be  said  to  be  the  best  book 
in  print  on  the  subject  of  which  it  treats. — The 
American  Journal  of  the  Medical  Sciences. — Jan.  1886. 


The  peculiar  value  and  finish  of  the  book  are  in 
a  measure  derived  from  its  resolute  maintenance 
of  a  clinical  and  practical  character.  It  is  an  un- 
rivalled exposition  of  everything  which  relates 
directly  or  indirectly  to  the  diagnosis,  prognosis 
and  treatment  of  urinary  diseases,  and  possesses 
a  completeness  not  found  elsewhere  in  our  lan- 

fuage  in  its  account  of  the  different  affections. — 
Vie  Manchester  Medical  Chronicle,  July,  1885. 


FUMDY,   CHARLES   W.,  M,  V. 

Bright's  Disease  and  Allied  Disorders.    In  one  octavo  volume  of  288  pages, 
with  illustrations.     Cloth,  |2.    Just  ready. 

The  object  of  this  work  is  to  "  furnish  a  system- 
atic, practical  and  concise  description  of  the 
pathology  and  treatment  of  the  chief  organic 
diseases  of  the  kidney  associated  with  albuminu- 
ria, which  shall  represent  the  most  recent  ad- 
vances in  our  knowledge  on  these  subjects  ; "  and 
this  definition  of  the  object  is  a  fair  description  of 
the  book.    The  work  is  a  useful  one,  giving  in  a 


short  space  the  theories,  facts  and  treatments,  and 
going  more  fully  into  their  later  developments. 
On  treatment  the  writer  is  particularly  strong, 
steering  clear  of  generalities,  and  seldom  omit- 
ting, what  text-books  usually  do,  the  unimportant 
items  which  are  all  important  to  the  general  prac- 
titioner.— The  Manchester  Medical  Chronicle,  Oct., 


MORRIS,  MEJSTRYy  M.  B,,  F,  R.  C,  S,, 

Surgeon  to  and  Lecturer  on  Surgery  at  Middlesex  Hospital,  London. 
Surgical  Diseases  of  the  Kidney.     In  one  12mo.  volume  of  554  pages,  with  40 
woodcuts,  and  6  colored  plates.  Limp  cloth,  $2.25.     See  Series  of  Clinical  Manuals,  page  4. 


In  this  manual  we  have  a  distinct  addition  to 
surgical  literature,  which  gives  information  not 
elsewhere  to  be  met  with  in  a  single  work.  Such 
a  book  was  distinctly  required,  and  Mr.  Morris 
has  very  diligently  and  ably  performed  the  task 


he  took  in  hand.  It  is  a  full  and  trustworthy 
book  of  reference,  both  for  students  and  prac- 
titioners in  search  of  guidance.  The  illustrations 
in  the  text  and  the  chromo-lithographs  are  beau- 
tifully executed.— jT/ieZ/ondon.  ianc6<,Feb.  26, 1886. 


See  Seriei 


LUCAS,  CLEMEWT,  M,  B.,  B.  S.,  I,  R.  C.  S., 

Senior  Assistant  Surgeon  to  Ghiy^s  Hospital,  London. 
Diseases   of  the   Urethra.      In   one    12mo.   volume.     Preparing, 
of  Clinical  Manuals,  page  4. 

tsom:pson,  sir  menry, 

Surgeon  and  Professor  of  Clinical  Surgery  to  University  College  Hospital,  London. 

Lectures  on  Diseases  of  the  Urinary  Organs.  Second  American  from  the 
third  English  edition.     In  one  8vo.  volume  of  203  pp.,  with  25  illustrations.     Cloth,  $2.25. 

By  the  Same  Author. 
On  the  Pathology  and  Treatment  of  Stricture  of  the  Urethra  and 
Urinary  Pistulse.    From  the  third  English  edition.    In  one  octavo  volume  of  359 
pages,  with  47  cuts  and  3  plates.     Cloth,  $3.50. 

TSE  AMERICAN  SYSTEM  OF  nENTISTRY, 

In  Treatises  by  Various  Authors.  Edited  by  Wilbur  F.  Litch,  M.  D., 
D.  D.  S.,  Professor  of  Prosthetic  Dentistry,  Materia  Medica  and  Therapeutics  in  the 
Pennsylvania  College  of  Dental  Surgery.  In  three  very  handsome  octavo  volumes  of 
about  1000  pages  each,  richly  illustrated.  Per  volume,  cloth,  $6 ;  leather,  $7 ;  half 
Morocco,  gilt  top,  $8.  Volume  I.,  containing  1015  pages,  with  6  plates  and  537  woodcuts, 
just  ready.      For  sale  by  subscription  only. 

doubtless  it  is),  to  mark  an  epoch  in  the  history  of 
dentistry.  Dentists  will  be  satisfied  with  it  and 
proud  of  it^-they  must.  It  is  sure  to  be  precisely 
what  the  student  needs  to  put  him  and  keep  him 
in  the  right  track,  while  the  profession  at  large 
will  receive  incalculable  benefit  from  it. — Odonto- 


As  an  eneyclopsedia  of  Dentistry  it  has  no  su- 
perior. It  should  form  a  part  of  every  dentist's 
library,  as  the  information  it  contains  is  of  the 
greatest  value  to  all  engaged  in  the  practice  of 
dentistry. — A7nerican  Journal  of  Dental  Science, 
September,  1886. 

A  grand  system,  big  enough  and  good  enough 
and  handsome  enough  for  a  monument  (which 


graphic  Journal,  Jan. 


COLEMAN,  A.,  L,  R.  C,  F.,  F,  R.  C.  S.,  Exam.  L.  2>.  S., 

Senior  Dent.  Surg,  and  Lect.  on  Dent.  Surg,  at  St.  Bartholomew's  Hosp.  and  the  Dent.  Hosp.,  London. 

A  Manual  of  Dental  Surgery  and  Pathology.  Thoroughly  revised  and 
adapted  to  the  use  of  American  Students,  by  Thomas  C.  Stellwagen,  M.  A.,  M.  D., 
D.  D.  S.,  Prof,  of  Physiology  at  the  Philadelphia  Dental  College.  In  one  handsome  octavo 
volume  of  412  pages,  with  331  illustrations.     Cloth,  $3.25. 

ESMARCH,  Br.  FRIEBRICH, 

Professor  of  Surgery  at  the  University  of  Kiel,  etc. 

Early  Aid  in  Injuries  and  Accidents.  Five  Ambulance  Lectures.  Trans- 
lated by  H.  R.  H.  Prince&s  Christian.  In  one  handsome  small  12mo.  volume  of  109 
pages,  with  24  illustrations.     Cloth,  75  cents. 

BASHAM    ON    RENAL    DISEASES:   A   Clinical    I    one  12mo.  vol.  of  304  pages,  with  21  Illustrations. 
Guide  to  their  Diagnosis  and    Treatment.    In    |    Cloth,  $2.00. 
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BUMSTJEAD,  F,  J.,  amd  TATLOU,  JR.  W., 

M.  2>.,  ZZ.  D.,  A,  M,,  M.  D., 

Late  Professor  of  Venereal  Diseases  Surgeon  to  Charity  Hospital,  New  York,  Prof,  of 

(U    the    College   of   Physicians    and  Venereal  and  Skin  Diseases  in  the  University  of 

New  York,  etc.  Vermont,  Prcs.  of  the  Am.  Dermatological  Asa^n. 


The  Pathologjr  and  Treatment  of  Venereal  Diseases.  Including  the 
results  of  recent  investigations  upon  the  subject.  Fifth  edition,  revised  and  largely  re- 
written, by  Dr.  Taylor.  In  one  large  and  handsome  octavo  volume  of  898  pages  with 
139  illustrations,  and  thirteen  chromo-lithographic  figures.  Cloth,  $4.75 ;  leather,  $5.75 ; 
very  handsome  half  Russia,  $6.25. 

It  is  a  splendid  record  of  honest  labor,  wide  |  The  character  of  this  standard  work  is  so  well 
research,  just  comparison,  careful  scrutiny  and 
original  experience,  which  will  always  be  held  as 
a  high  credit  to  American  medical  literature.  This 
is  not  only  the  best  work  in  the  English  language 
upon  the  subjects  of  which  it  treats,  but  also  one 
wnich  has  no  equa.  in  other  tongues  for  its  clear, 
comprehensive  and  practical  handling  of  its 
themes. — American  Journal  of  the  Medical  Sciences, 
Jan,  1884. 

It  is  certainly  the  best  single  treatise  on  vene- 
real in  our  own,  and  probably  the  best  in  any  lan- 
guage.— Boston  Medical  and  Surgical  Journal,  April 
3, 1884. 


known  that  it  would  be  superfluous  here  to  pass  in 
review  its  general  or  special  points  of  excellence. 
The  verdict  of  the  profession  has  been  passed;  it 
has  been  accepted  as  the  most  thorough  and  com- 
plete exposition  of  the  pathology  and  treatment  of 
venereal  diseases  in  the  language.  Admirable  as  a 
model  of  clear  description,  an  exponent  of  sound 
pathological  doctrine,  and  a  guide  for  rational  and 
successful  treatment,  it  is  an  ornament  to  the  medi- 
cal literature  of  this  country.  The  additions  made 
to  the  present  edition  are  eminently  judicious, 
from  the  standpoint  of  practical  utility.— Jowrna^o/ 
Cutaneous  and  Venereal  Diseases,  Jan.  1884. 


COMJVJZ,  v., 

Professor  to  the  Faculty  of  Medicine  of  Paris,  and  Physician  to  the  Lour  cine  Hospital. 

Syphilis,  its  Morbid  Anatomy,  Diagnosis  and  Treatment.  Specially 
revised  by  the  Author,  and  translated  with  notes  and  additions  by  J.  Henry  C.  Simes, 
M.  D.,  Demonstrator  of  Pathological  Histology  in  the  University  of  Pennsylvania,  and 
J.  William  White,  M.  D.,  Lecturer  on  Venereal  Diseases  and  Demonstrator  of  Surgery 
in  the  University  of  Pennsylvania.  In  one  handsome  octavo  volume  of  461  pages,  with 
84  very  beautiful  illustrations.     Cloth,  $3.75. 

The  anatomical  and  histological  characters  of  the  the  whole  volume  is  the  clinical  experience  of  the 
bard  and  soft  sore  are  admirably  described.  The  author  or  the  wide  acquaintance  of  the  translators 
multiform  cutaneous  manifestations  of  the  disease  with  medical  literature  more  evident.  The  anat- 
are  dealt  with  histologically  in  a  masterly  way,  as  omy,  the  histology,  the  pathology  and  the  clinical 
we  should  indeed  expect  them  to  be,  and  the  features  of  syphilis  are  represented  in  this  work  in 
accompanying  illustrations  are  executed  carefully  their  best,  most  practical  and  most  instructive 
and  well.  The  various  nervous  lesions  which  are  form,  and  no  one  will  rise  from  its  perusal  without 
the  recognized  outcome  of  the  syphilitic  dyserasia  the  feeling  that  his  grasp  of  the  wide  and  impor- 
are  treated  with  care  and  consideration.  Syphilitic  tant  subject  on  which  it  treats  is  a  stronger  and 
epilepsy,  paralysis,  cerebral  syphilis  and  locomotor  surer  one.— The  London  Practitioner,  Jan.  1882. 
ataxia  are  subjects  full  of  interest;  and  nowhere  in 


BJITCHINSOW,  JONATHAN,  F.  B.  S.,  F.  B.  C.  S., 

Consulting  Surgeon  to  the  London  Hospital. 
Syphilis.     In  one  12mo.  volume.     Shortly.     See  Series  of  Clinical  Manuals,  page  4. 

GBOSS,  SAMUFL  W,,  A.  M.,  M,  !>., 

Professor  of  the  Principles  of  Surgery  and  of  Clinical  Surgery  in  the  Jefferson  Medical  College  of  Phila. 

A  Practical  Treatise  on  Impotence,  Sterility,  and  Allied  Disorders 
of  the  Male  Sexual  Organs.  Third  edition,  thoroughly  revised.  In  one  very  hand- 
some octavo  volume  of  about  175  pages,  with  about  20  illustrations.     In  press. 

A  notice  of  the  previous  edition  is  appended. 


The  author  of  this  monograph  is  a  man  of  posi- 
tive convictions  and  vigorous  style.    This  is  justi- 


fied by  his  experience  and  by  his  study,  which  has 
gone  hand  in  hand  with  his  experience.  In  regard 
to  the  various  organic  and  functional  disorders  of 


the  male  generative  apparatus,  he  has  had    ex- 
ceptional opportunities  for  observation,  and  his 


book  shows  that  he  has  not  neglected  to  compare 
his  own  views  with  those  of  other  authors.  The 
result  is  a  work  which  can  be  safely  recommended 
to  both  physicians  and  surgeons  as  a  guide  in  the 
treatment  of  the  disturbances  it  refers  to.  It  is 
the  best  treatise  on  the  subject  with  which  we  are 
acquainted.— T/ie  Medical  News,  Sept.  1, 1883. 


GBOSS,  S.  Z>.,  M.  D.,  ZL.  !>.,  D,  C.  i.,  etc, 

A  Practical  Treatise  on  the  Diseases,  Injuries   and  Malformations 
of  the  Urinary  Bladder,  the  Prostate  Gland  and  the  Urethra.    Third 

edition,  thoroughly  revised  by  Samuel  W.  Gross,  M.  D.    In  one  octavo  volume  of  574 
pages,  with  170  illustrations.     Cloth,  $4.50. 

CUZZFBIFB,  A,,  <&  BTJMSTEAI),  F.  J.,  M.n,,  ZZ.D., 

Surgeon  to  the  Hdpital  du  Midi.         Late  Professor  of  Venereal  Diseases  in  the  College  of  Physidant 

Nea  "    ' 


and  Surgeons,  New  York. 

An  Atlas  of  Venereal  Diseases.  Translated  and  edited  by  Freeman  J.  Bum- 
stead,  M.  D.  In  one  imperial  4to.  volume  of  328  pages,  double-columns,  with  26  plates, 
containing  about  150  figures,  beautifully  colored,  many  of  them  the  size  of  life.  Strongly 
bound  in  cloth,  $17.00.    A  specimen  of  the  plates  and  text  sent  by  mail,  on  receipt  of  25  cts. 

HILL  ON  SYPHILIS  AND  LOCAL  CONTAGIOUS  I  FORMS    OF     LOCAL     DISEASE    AFFECTING 
DISORDERS.  In  one  8vo  vol.  of  479  p.  Cloth,  $125.    PRINCIPALLY    THE    ORGANS    OF    GENERA- 
LEE'S   LECTURES  ON   SYPHILIS  AND  SOME  |  TION.     In  one  8vo.  vol.  of  246  pages.    Cloth,  $2.25. 
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BTYDE,  J.  NBVIJSrS,  A,  M,,  M.  D,, 

Professor  of  Dermatology  and  Venereal  Diseases  in  Rush  Medical  College,  Chicago. 

A  Practical  Treatise  on  Diseases  of  the  Skin.  For  the  use  of  vStudents  and 
Practitioners.  In  one  handsome  octavo  vohime  of  570  pages,  with  66  beautiful  and  elab- 
orate illustrations-.     Cloth,  $4.25 ;  leather,  $5.25. 


The  author  has  given  the  student  and  practi- 
tioner a  work  admirably  adapted  to  the  wants  of 
eacli.  We  can  heartily  commend  the  book  as  a 
valuable  addition  to  our  literature  and  a  reliable 
guide  to  students  and  practitioners  in  their  studies 
and  practice.— ^»t.  Journ.  of  Med-.  ScL,  July,  1883. 

The  aim  of  the  author  has  been  to  present  to  his 
readers  a  work  not  only  expounding  the  most 
modern  conceptions  of  his  subject,  but  presenting 
what  is  of  standard  value.  He  has  more  especially 
devoted  its  pages  to  the  treatment  of  disease,  and 
by  his  detailed  descriptions  of  therapeutic  meas- 
ures has  adapted  them  to  the  needs  of  the  physi- 
cian in  active  practice.  In  dealing  with  these 
questions  the  author  leaves  nothing  to  the  pre- 
sumed knowledge  of  the  reader,  but  enters  thor- 
oughly into  the  most  minute  description,  so  that 
one  is  not  only  told  what  should  be  done  under 
given  conditions  but  how  to  do  it  as  well.  It  is 
therefore  in  the  best  sense  "a  practical  treatise." 
That  it  is  comprehensive,  a  glance  at  the  index 
will  slioyf.—3Iaryland  Medical  Journal,  July  7,  1883. 


Professor  Hyde  has  long  been  known  as  one  of 
the  most  intelligent  and  enthusiastic  representa- 
tives of  dermatology  in  the  west.  His  numerous 
contributions  to  tne  literature  of  this  specialty 
have  gained  for  him  a  favorable  recognition  as  a 
careful,  conscientious  and  original  observer.  The 
remarkable  advances  made  in  our  knowledge  of 
diseases  of  the  skin,  especially  from  the  stand- 
point of  pathological  histology  and  improved 
methods  of  treatment,  necessitate  a  revision  of 
the  older  text^books  at  short  intervals  in  order  to 
bring  them  up  to  the  standard  demanded  by  the 
march  of  science.  This  last  contribution  of  Dr. 
Hyde  is  an  effort  in  this  direction.  He  has  at- 
tempted, as  he  informs  us,  the  task  of  presenting 
in  a  condensed  form  the  results  of  the  latest  ob- 
servation and  experience.  A  careful  examination 
of  the  work  convinces  us  that  he  has  accomplished 
his  task  with  painstaking  fidelity  and  with  a  cred- 
itable T&B\x\i. —Journal  of  Cutaneous  and  Venereal 
June,  1883. 


AJSTDJEMSOW,  T.  M'CALL,  M.  D,, 

Professor  of  Clinical  Medicine  in  the  University  of  Glasgow. 

A  Text-Book  of  Skin  Diseases.  With  Special  Reference  to  Diag- 
nosis and  Treatment.  In  one  octavo  volume,  with  two  chromo-lithographs,  a  steel 
plate  and  numerous  illustrations.     Shortly. 

FOX,  T,,  M.D.,  F.M.  C.  JP.,  and  FOX,  T,  C,  B.A,,  M.M.  C,S,, 

Physician  for  Diseases  of  the  Skin  to  the 
Westminster  Hospital,  London. 

An  Epitome  of  Skin  Diseases.  With  Formulae.  For  Students  and  Prac- 
titioners. Third  edition,  revised  and  enlarged.  In  one  very  handsome  12mo.  volume 
of  238  pages.     Cloth,  $1.25. 


Physician  to  the  Department  for  Skin  Diseases, 
University  College  Hospital,  London. 


The  third  edition  of  this  convenient  handbook 
calls  for  notice  owing  to  the  revision  and  expansion 
which  it  has  undergone.  The  arrangement  of  skin 
diseases  in  alphabetical  order,  which  is  the  method 
of  classification  adopted  in  this  work,  becomes  a 
positive  advantage  to  the  student.  The  book  is 
one  which  we  can  strongly  recommend,  not  only 
to  students  but  also  to  practitioners  who  require  a 
compendious  summary  of  the  present  state  of 
dermatology. — British  Medical  Journal,  July  2, 1883. 

We  cordially  recommend  Fox's  Epitome  to  those 
whose  time  is  limited  and  who  wish    a   handy 


manual  to  lie  upon  the  table  for  instant  reference. 
Its  alphabetical  arrangement  is  suited  to  this  use, 
for  all  one  has  to  know  is  the  name  of  the  disease, 
and  here  are  its  description  and  the  appropriate 
treatment  at  hand  and  ready  for  instant  applica- 
tion. The  present  edition  has  been  very  carefully 
revised  and  a  number  of  new  diseases  are  de- 
scribed, while  most  of  the  recent  additions  to 
dermal  therapeutics  find  mention,  and  the  formu- 
lary at  the  end  of  the  book  has  been  considerably 
augmented.— TAe  Medical  News,  December,  1883. 


MOMMIS,  MALCOLM,  F.  M.  C,  S., 

Joint  Lecturer  on  Dermatology  at  St.  Mary^s  Hospital  Medical  School,  London. 
Skin  Diseases ;  Including  their  Definitions,  Symptoms,  Diagnosis,  Prognosis,  Mor- 
bid Anatomy  and  Treatment.     A  Manual  for  Students  and  Practitioners.     In  one  12mo. 
volume  of  316  pages,  with  illustrations.    Cloth,  $1.75. 


To  physicians  who  would  like  to  know  something 
about  skin  diseases,  so  that  when  a  patient  pre- 
sents himself  for  relief  they  can  make  a  correct 
diagnosis  and  prescribe  a  rational  treatment,  we 
unhesitatingly  recommend  this  little  book  of  Dr. 
Morris.  The  affections  of  the  skin  are  described 
in  a  terse,  lucid  manner,  and  their  several  charac- 
teristics so  plainly  set  forth  that  diagnosis  will  be 
easy.  The  treatment  in  each  case  is  such  as  the 
experience  of  the  most  eminent  dermatologists  ad- 
viaes.— Cincinnati  Medical  Neios,  April,  1880. 

This  is  emphatically  a  learner's  book;  for  we 
can  safely  say,  that  in  the  whole  range  of  medical 
literature  there  is  no  book  of  a  like  scope  which 


for  clearness  of  expression  and  methodical  ar- 
rangement is  better  adapted  to  promote  a  rational 
conception  of  dermatology— a  branch  confessedly 
difficult  and  perplexing  to  the  beginner. — St.  Louis 
Courier  of  Medicine,  April,  1880. 

The  writer  has  certainly  given  in  a  small  compass 
a  large  amount  of  well-compiled  information,  and 
his  little  book  compares  favorably  with  any  other 
which  has  emanated  from  England,  while  in  many 
points  he  has  emancipated  himself  from  the  8tul>- 
bornly  adhered  to  errors  of  others  of  his  country- 
men. There  is  certainly  excellent  material  in  the 
book  which  will  well  repay  perusal. — Boston  Med. 
and  Surg.  Journ.,  March,  1880. 


WILSON,  FBASMUS,  F.  It,  S. 

The  Student's  Book  of  Cutaneous  Medicine  and  Diseases  of  the  Skin. 

In  one  handsome  small  octavo  volume  of  535  pages.     Cloth,  $3.50, 

HILLIEB,  TH03IAS,  31.  D., 

Physician  to  the  Skin  Department  of  University  College,  London. 
Handbook  of  Skin  Diseases;  for  Students  and  Practitioners.    Second  .Vmeri- 
can  edition.     In  one  12mo.  volume  of  353  pages,  with  plates.     Cloth,  $2.25. 
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AN  AMBBICAW  SYSTEM  OF  GYNmCOLOGY. 

A  System  of  Gynaecology,  in  Treatises  by  Various  Authors.  Edited 
by  Matthew  D.  Mann,  M.  D.,  Professor  of  Obstetrics  and  Gynaecology  in  the  Uni- 
versity of  Buffalo,  N.  Y.  In  two  handsome  octavo  volumes,  richly  illustrated.  In  active 
preparation. 
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THOMAS,  T.  GAILLAMD,  M,  D., 

Professor  of  Diseases  of  Women  in  the  College  of  Physicians  and  Surgeons,  N.  T. 

A  Practical  Treatise  on  the  Diseases  of  Women.  Fifth  edition,  thoroughly 
revised  and  rewritten.  In  one  large  and  handsome  octavo  volume  of  810  pages,  with  266 
illustrations.     Cloth,  |5.00 ;  leather,  $6.00 ;  very  handsome  half  Russia,  raised  bands,  $6.50. 

The  words  which  follow  "  fifth  edition"  are  in 
this  case  no  mere  formal  announcement.  The 
alterations  and  additions  which  have  been  made  are 
both  numerous  and  important.  The  attraction 
and  the  permanent  character  of  this  book  lie  in 


the  clearness  and  truth  of  the  clinical  descriptions 
of  diseases;  the  fertility  of  the  author  in  thera- 
peutic resources  and  the  fulness  with  which  the 
details  of  treatment  are  described;  the  definite 
character  of  the  teacliing;  and  last,  but  not  least, 
the  evident  candor  which  pervades  it.  We  would 
also  particularize  the  fulness  with  which  the  his- 
tory of  the  subject  is  gone  into,  which  makes  the 
book  additionally  interesting  and  gives  it  value  as 
a  work  of  reference.— Xowion  Medical  Times  and 
Gazette,  July  30, 1881. 

The  determination  of  the  author  to  keep  his 
book  foremost  in  the  rank  of  works  on  gynsecology 
is  most  gratifying.  Recognizing  the  fact  that  this 
can  only  be  accomplished  by  frequent  and  thor- 
ough revision,  he  has  spared  no  pains  to  make  the 
present  edition  more  desirable  even  than  the  pre- 


vious one.  As  a  book  of  reference  for  the  busy 
practitioner  it  is  unequalled. — Boston  Medical  arid 
Surgical  Journal,  April  7, 1880. 

It  has  been  enlarged  and  carefully  revised.  It  is 
a  condensed  encyclopaedia  of  gynaecological  medi- 
cine. The  style  of  arrangement,  the  masterly 
manner  in  which  each  subject  is  treated,  and  the 
honest  convictions  derived  from  probably  the 
largest  clinical  experience  in  that  specialty  of  any 
in  this  country,  all  serve  to  commend  it  in  the 
highest  terms  to  the  practitioner. — Nashville  Jour, 
of  Med.  and  Surg.,  Jan.  1881. 

That  the  previous  editions  of  the  treatise  of  Dr. 
Thomas  were  thought  worthy  of  translation  into 
German,  French,  Italian  and  Spanish,  is  enough 
to  give  it  the  stamp  of  genuine  merit.  At  home  it 
has  made  its  way  into  the  library  of  every  obstet- 
rician and  gyncecologist  as  a  safe  guide  to  practice. 
No  small  number  of  additions  have  been  made  to 
the  present  edition  to  make  it  correspond  to  re- 
cent improvements  in  treatment.— Pactjtc  3Iedical 
and  Surgical  Journal,  Jan.  1881. 


FDIS,  AMTJBTUM  IF.,  31,  D.,  Lond.,  F,M,  C.JP.,  M.M.  C.S., 

Assist.  Obstetric  Physician  to  Middlesex  Hospital,  late  Physician  to  British  Lying-in  Hospital. 
The  Diseases  of  Women.     Including  their  Pathology,  Causation,  Symptoms, 
Diagnosis  and  Treatment.    A  Manual  for  Students  and  Practitioners.     In  one  handsome 
octavo  volume  of  576  pages,  with  148  illustrations.     Cloth,  $3.00 ;  leather,  $4.00. 


It  is  a  pleasure  to  read  a  book  so  thoroughly 
good  as  this  one.  The  special  qualities  which  are 
conspicuous  are  thoroughness  in  covering  the 
whole  ground,  clearness  of  description  and  con- 
ciseness of  statement.  Another  marked  feature  of 
the  book  is  the  attention  paid  to  the  details  of 
many  minor  surgical  operations  and  procedures, 
as,  for  instance,  the  use  of  tents,  application  of 
leeches,  and  use  of  hot  water  injections.  These 
are  among  the  more  common  methods  of  treat- 
ment, and  yet  very  little  is  said  about  them  in 
many  of  the  text-books.  The  book  is  one  to  be 
warmly  recommended  especially  to  students  and 
general  practitioners,  who  need  a  concise  but  com- 
plete resume  of  the  whole  subject.  Specialists,  too, 
will  find  many  useful  hints  in  its  pages.— Boston 
Med.  and  Surg.  Journ.,  March  2, 1882. 


The  greatest  pains  have  been  taken  with  the 
sections  relating  to  treatment.  A  liberal  selection 
of  remedies  is  given  for  each  morbid  condition, 
the  strength,  mode  of  application  and  other  details 
being  fully  explained.  The  descriptions  of  gynse- 
cological  manipulations  and  operations  are  full, 
clear  and  practical.  Much  care  has  also  been  be- 
stowed on  the  parts  of  the  book  which  deal  with 
diagnosis— we  note  especially  the  pages  dealing 
with  the  differentiation,  one  from  another,  of  the 
different  kinds  of  abdominal  tumors.  The  prac- 
titioner will  therefore  find  in  this  book  the  Kind 
of  knowledge  he  most  needs  in  his  daily  work,  and 
he  will  be  pleased  with  the  clearness  and  fulness 
of  the  information  there  given.— The  Practitioner, 
Feb.  1882. 


BAMWES,  MOBBItT,  M.  D.,  F.  M.  C,  F., 

Obstetric  Physician  to  St.  Thomas''  Hospital,  London,  etc. 

A  Clinical  Exposition  of  the  Medical  and  Surgical  Diseases  of  Women. 

In  one  handsome  octavo  volume,  with  numerous  illustrations.    New  edition.    Preparing. 


WEST,  CMAMLES,  M.  J>. 

Lectures  on  the  Diseases  of  Women.     Third  American  from  the  third  Lon- 
don edition.     In  one  octavo  volume  of  543  pages.     Cloth,  $3.75 ;  leather,  $4.75. 
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EM3IBT,  TSOMAS  ADDIS,  M.  D.,  ZL,  D., 

Surgeon  to  the  Woman''s  Hospital,  New  York,  etc. 

The  Principles  and  Practice  of  Gynseeology ;  For  the  use  of  Students  and 
Practitioners  of  Medicine.  New  (third)  edition,  thoroughly  revised.  In  one  large  and  very 
handsome  octavo,  volume  of  880  pages,  with  150  illustrations.  Cloth,  |5 ;  leather,  $6 ; 
very  handsome  half  Russia,  raised  bands,  $6.50. 


We  are  in  doubt  whether  to  congratulate  the 
author  more  than  the  profession  upon  the  appear- 
ance of  the  third  edition  of  this  well-lcnown  worli. 
Embodying,  as  it  does,  the  life-long  experience  of 
one  who  has  conspicuously  distinguished  himself 
as  a  bold  and  successful  operator,  and  who  has 
devoted  so  much  attention  to  the  specialty,  we 
feel  sure  the  profession  will  not  fail  to  appreciate 
the  privilege  thus  offered  them  of  perusing  the 
views  and  practice  of  the  author.  His  earnestness 
of  purpose  and  conscientiousness  are  manifest. 
He  gives  not  only  his  individual  experience  but 
endeavors  to  represent  the  actual  state  of  gynse- 
cological  science  and  art.— British  Medical' Jour- 
nal, May  16, 1885. 

No  jot  or  tittle  of  the  high  praise  bestowed  upon 
the  first  edition  is  abated.  It  is  still  a  book  of 
marked  personality,  one  based  upon  large  clinical 
experience,  containing  large  and  valuable  ad- 
ditions to  our  knowledge,  evidently  written  not 
only  with  honesty  of  purpose,  but  with  a  conscien- 
tious sense  of  responsibility,  and  a  book  tliat  is  at 


once  a  credit  to  its  author  and  to  American  med- 
ical literature.  We  repeat  that  it  is  a  book  to  be 
studied,  and  one  that  is  indispensable  to  every 
practitioner  giving  any  attention  to  gynseeology.— 
American  Journal  of  the  Medical  Sciences,  April,  1885. 
The  time  has  passed  when  Emmet's  Oyncecology 
was  to  be  regarded  as  a  book  for  a  single  country 
or  for  a  single  generation.  It  has  always  been  his 
aim  to  popularize  gynseeology,  to  bring  it  within 
easj^  reach  of  the  general  practitioner.  The  orig- 
inality of  the  ideas,  aside  from  the  perfect  con- 
fidence which  we  feel  in  the  author's  statements, 
compels  our  admiration  and  respect.  We  may 
well  take  an  honest  pride  m  Dr.  Emmet's  work 
and  feel  that  his  book  can  hold  its  own  against  the 
criticism  of  two  continents.  It  represents  all  that 
is  most  earnest  and  most  thoughtful  in  American 
gynaecology.  Emmet's  work  will  continue  to 
reflect  the  individuality,  the  sterling  integrity  and 
the  kindly  heart  of  its  honored  author  long  after 
smaller  books  have  been  forgotten. — American 
Journal  of  Obstetrics,  May,  1885. 


DVWCAW,  J,  MATTHEWS,  M,D,,  LL.  D.,  I,  It,  S,  B.,  etc. 

Clinical  Lectures  on  the  Diseases  of  Women ;  Delivered  in  Saint  Bar- 
tholomew's Hospital.     In  one  handsome  octavo  volume  of  175  pages.     Cloth,  $1.50. 

They  are  in  every  way  worthy  of  their  author  ; 
indeed,  we  look  upon  them  as  among  the  most 
valuable  of  his  contributions.  They  are  all  upon 
matters  of  great  interest  to  the  general  practitioner. 
Some  of  them  deal  with  subjects  that  are  not,  as  a 


adequately  handled  in  the  text-books ;  others 
im,  while  bearing  upon  topics  that  are  usually 


rule, 

of  them, 

treated  of  at  length  in  such  works,  yet  bear  such  a 

stamp  of  individuality  that  they  deserve  to  be 

widely  read.— iV.  Y.  Medical  Journal,  March,  1880. 


MAY,   CHAMLES  M,,  31,  D, 

Late  House  Surgeon  to  Mount  Sinai  Hospital,  New  York. 

A  Manual  of  the  Diseases  of  Women.  Being  a  concise  and  systematic  expo- 
sition of  the  theory  and  practice  of  gynaecology.  In  one  12mo.  volume  of  342  pages. 
Cloth,  $1.75. 


Medical  students  will  find  this  work  adapted  to 
their  wants.  Also  practitioners  of  medicine  will 
find  it  exceedingly  convenient  to  consult  for  the 
purpose  of  refreshing  their  minds  upon  the  lead- 
mg  points  of  a  gyngecologieal  subject.  By  syste- 
matic condensation,  the  omission  of  disputed  ques- 


tions, and  the  presentation  only  of  accepted  views, 
it  constitutes  a  very  satisfactory  exposition  of  the 
leading  principles  of  gynaecology  as  they  are  un- 
derstood at  the  present  time. — Cincinnati  Medical 


HODGE,  HUGH  I.,  M,  D,, 

Emeritus  Professor  of  Obstetrics,  etc.,  in  the  University  of  Pennsylvania. 

On  Diseases  Peculiar  to  Women;  Including  Displacements  of  the  Uterus. 
Second  edition,  revised  and  enlarged.  In  one  beautifully  printed  octavo  volume  of  519 
pages,  with  original  illustrations.     Cloth,  |4.50. 

By  the  Same  Author. 
The  Principles  and  Practice  of  Obstetrics.  Illustrated  with  large  litho- 
graphic plates  containing  159  figures  from  original  photographs,  and  with  numerous  wood- 
cuts. In  one  large  quarto  volume  of  542  double-columned  pages.  Strongly  bound  in 
cloth,  $14.00.  Specimens  of  the  plates  and  letter-press  will  be  forwarded  to  any  address, 
free  by  mail,  on  receipt  of  six  cents  in  postage  stamps. 

MAIISBOTHAM,  FRANCIS  H,  31,  D. 

The  Principles  and  Practice  of  Obstetric  Medicine  and  Surgery; 

In  reference  to  the  Process  of  Parturition.  A  new  and  enlarged  edition,  thoroughly  revised 
by  the  Author.  With  additions  by  W.  V.  Keating,  M.  D.,  Professor  of  Obstetrics,  etc., 
in  the  Jefferson  Medical  College  of  Philadelphia.  In  one  large  and  handsome  imperial 
octavo  volume  of  640  pages,  wnth  64  full-page  plates  and  43  woodcuts  in  the  text,  contain- 
ing in  all  nearly  200  beautiful  figures.     Strongly  bound  in  leather,  with  raised  bands,  $7. 

WLNCKEL,  F. 

A  Complete  Treatise  on  the  Pathology  and  Treatment  of  Childbed, 

For  Students  and  Practitioners.  Translated,  with  the  consent  of  the  Author,  from  the 
second  German  edition,  by  J.  R.  Chadwick,  M.  D.     Octavo  484  pages.     Cloth,  $4.00. 


ASHWELL'S  PRACTICAL  TREATISE  ON  THE 
DISEASES  PECULIAR  TO  WOMEN.  Third 
American  from  the  third  and  revised  London 
edition.    In  one  8vo.  vol.,  pp.  520.    Cloth,  8:150. 

CHURCHILL  ON    THE    PUERPERAL  FEVER 


AND  OTHER  DISEASES  PECULIAR  TO  WO- 
MEN. In  oneSvo.  vol.of464pa8ce8.  Cloth,  82.50. 
MEIGS  ON  TIIR  NATURE,  SIGNS  AND  TREAT- 
MENT OF  CHILDBED  FEVER.  In  one  8vo. 
volume  of  346  pages.    Cloth,  82.00. 
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PAMVIN,  THEOJPHJLVS,  M,  D.,  ZJO.  !>., 

Prof,  of  Obstetrics  and  the  Diseases  of  Women  aiul  Children  vn  Jefferson  Med.  Coll.,  Phila. 

The  Science  and  Art  of  Obstetrics.    In  one  handsome  8vo.  volume  of  697 
pages,  with  214  engravings  and  a  colored  j)late.     Cloth,  $4,25  ;  leather,  $5.25.    Just  ready. 


The  author  has  had  the  experience  of  an  exten- 
sive obstetric  practice  of  upward  of  thirty  four 
years,  nearly  two-thirds  of  whicli  time  he  has  been 
a  medical  teacher,  and  consequently  lie  has  embod- 
ied in  his  work  a  large  amount  of  valuable  infor- 
mation derived  from  per.'^onal  observation  and 
reflection.  The  student  and  physician,  therefore, 
who  study  this  work  can  feel  that  the  information 
contained  in  it  comes  from  the  author  as  his  own 
knowledge,  and  can  be  accepted  as  having  been 
verified  by  him. — Cincinnati  Medical  News,  Decem- 
ber, 1886. 


This  treatise,  by  the  professor  of  the  branch  in 
the  Jefferson  Medical  College  of  Philadelphia,  has 
been  the  result  of  years  of  careful  study  directed 
to  the  presentation  of  the  subject  in  the  most 
complete  manner  consistent  with  the  limits  of  a 
manual  of  instruction.  Dr.  Parvin's  well-known 
literary  ability  gives  him  unusual  a<ivantages  for 
precisely  such  an  undertaking,  and  he  is  to  be 
congratulated  on  the  success  with  which  he  has 
accomplished  it.— Medical  and  Surgical  Reporter, 
January  29, 1887. 


BABNES,  JROBBBT,  M.  D,,  and   FAWCOTTBT,  M,  !>., 

Phys.  to  the  General  Lying-in  Hasp.,  Land.  Obstetric  Phys.  to  St.  Thomas'"  Hosp.,  Lond 

A  System  of  Obstetric  Medicine  and  Surgery,  Theoretical  and  Clin- 
ical. For  the  Student  and  the  Practitioner.  The  Section  on  Embryology  contributed  by 
Prof.  Milnes  Marshall.  In  one  handsome  octavo  volume  of  872  pages,  with  231  illus- 
trations.   Cloth,  $5 ;  leather,  $6. 


This  system  will  be  eagerly  sought  for,  not  only 
on  account  of  its  intrinsic  merit,  but  also  because 
the  reputation  which  the  elder  Barnes,  in  particu- 
lar, has  secured,  carries  witli  it  the  conviction  that 
any  book  emanating  from  him  is  necessarily  sound 
in  teaching  and  conservative  in  practice.  It  is  in- 
deed eminently  fitting  that  a  man  who  has  done  so 
much  towards  systematizing  the  obstetric  art,  who 
for  so  many  years  has  been  widely  known  as  a  capa- 


ble teacher  and  trusted  accoucheur,  should  embody 
within  a  single  treatise  the  system  which  he  has 
taught  and  in  practice  tested, and  which  is  the  out- 
come of  a  lifetime  of  earnest  labor,  careful  obser- 
vation and  deep  study.  The  result  of  this  arrange- 
ment is  the  production  of  a  work  which  rises  above 
criticism  and  which  in  no  respect  need  yield  the 
palm  to  any  obstetrical  treatise  hitherto  published. 
—American  Journal  of  Obstetrics,  Feb.  1886. 


BLAYFAIB,  W.  S.,  M,  B.,  F,  M.  a  B., 

Professor  of  Obstetric  Medicine  in  King's  College,  London,  etc. 

A  Treatise  on  the  Science  and  Practice  of  Midwifery.  New  (fourth) 
American,  from  the  fifth  English  edition.  Edited,  with  additions,  by  Egbert  P.  Har- 
ris, M.  D.  In  one  handsome  octavo  volume  of  654  pages,  with  3  plates  and  201  engrav- 
ings.    Cloth,  $4 ;  leather,  $5 ;  half  Kussia,  $5.50. 


This  still  remains  a  favorite  in  America,  not 
only  because  the  author  is  recognized  as  a  safe 
guide  and  eminently  progressive  man,  but  also  as 
sparing  no  effort  to  make  each  successive  edition 
a  faithful  mirror  of  the  latest  and  best  practice. 
A  work  so  frequently  noticed  as  the  present 
requires  no  further  review.  We  believe  that  this 
edition  is  simply  the  forerunner  of  many  others, 
and  that  the  demand  will  keep  pace  with  the 


supply.— American  Journal  of  Obstetrics,  Nov. .  1885. 
Since  its  first  publication,  only  eight  years  ago, 
it  has  rapidly  become  the  favorite  textrbook,  to 
the  practical  exclusion  of  all  others.  A  large 
measure  of  its  popularity  is  due  to  the  clear  and 
easy  style  in  which  it  is  written.  Few  text-books 
for  students  have  very  much  to  boast  of  in  this 
respect.— ilfedicoZ  Record. 


the  Columbian  Univer- 


KING,  A,  F,  A.,  M.  B,, 

Professor  of  Obstetrics  and  Diseases  of  Women  vn  the  Medical  Department  < 
sity,  Washington,  D.  C,  and  in  the  University  of  Vermont,  etc. 

A  Manual  of  Obstetrics.     'New  (third)  edition.    In  one  very  handsome  12mo, 
volume  of  376  pages,  with  102  illustrations.     Cloth,  $2.25.     Just  ready. 


"  This  is  the  best  of  the  recent  handbooks.  It  is 
"up  to  the  times."  Such  a  book  gives  full  direc- 
tions to  the  students,  while  it  is  a  memory  re- 
fresher to  the  practitioner  suddenly  called  upon  to 
do  something  a  little  out  of  the  ordinary  way. 
"When  a  doctor  is  called  to  a  case  of  labor,  it  is  well 
for  him  to  take  abook  like  this  along  with  him,  and 
spend  the  half-hour  or  more  he  may  wish  to  "wait 


in  the  other  room"  in  looking  over  the  possible 
odds  and  ends  he  may  have  to  contend  with  in  a 
given  case.  Such  a  review  often  serves  all  the 
purposes  of  a  consultation  at  an  hour  of  the  night 
when  he  wants  a  bit  of  information,  and  yet  does 
not  care  to  rouse  his  brother  practitioner  from  his 
repose.  It  is  a  good  book. —  Virginia  Medical 
Monthly,  Nov.  1886. 


BABKEM,  FOBBTCB,  A.  M.,  M,  B„  BL,  B.  Bdin,, 

Clinical  Professor  of  Midwifery  and  the  Diseases  of  Women  in  the  Bellevue  Hospital  Medical  College, 
New  York,  Honorary  Fellow  of  the  Obstetrical  Societies  of  London  and  Edinburgh,  etc.,  etc. 
Obstetrical  and  Clinical  Essays.     In  one  handsome  12mo.  volume  of  about 
300  pages.     Preparing. 

BABJSTBS,  FAWCOJ7BT,  M.  B., 

Obstetric  Physician  to  St.  Thomas'"  Hospital,  London. 

A  Manual  of  Midwifery  for  Midwives  and  Medical  Students.    In  one 

royal  12mo.  volume  of  197  pages,  with  50  illustrations.     Cloth,  $1.25. 

BABJRT,  JOHN  8.,  M,  B., 

Obstetrician  to  the  Philadelphia.  Hospital,  Vice-President  of  the  Obstet.  Society  of  Philadelphia. 

Extra  -  Uterine  Pregnancy :  Its  Clinical  History,   Diagnosis,  Prognosis  and 
Treatment.    In  one  handsome  octavo  volume  of  272  pages.     Cloth,  $2.50. 


TANNER  ON  PBEGNANCY.    Octavo,  490  pages,  4  colored  plates,  16  cuts.    Cloth,  $4.25. 
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LBISSMAN,  WILLIAM,  M.  D., 

Regius  Professor  of  Midwifery  in  the  University  of  Olasgow,  etc. 

A  System  of  Midwifery,  Including  the  Diseases  of  Pregnancy  and  the 
Puerperal  State.  Third  American  edition,  revised  by  the  Author,  with  additions  by 
John  S.  Parry,' M.  D.,  Obstetridan  to  the  Pliiladelphia  Hospital,  etc.     In  one  large  and 

?es,  with  205  ilhistrations.     Cloth,  $4.50 ;  leather, 
bands,  $6.00. 


very  handsome  octavo  volume  of  740  page 
$5.50 ;  very  handsome  half  Russia,  raised 

The  author  is  broad  in  his  teachings,  and  dis- 
cusses briefly  the  comparative  anatomy  of  the  pel- 
vis and  the  mobility  of  the  pelvic  articulations. 
The  second  chapter  is  devoted  especially  to 
the  study  of  the  pelvis,  while  in  the  third  the 
female  organs  of  generation  are  introduced. 
The  structure  and  development  of  the  ovum  are 
admirably  described.  Then  follow  chapters  upon 
the  various  subjects  embraced  in  the  study  of  mid- 
wifery. The  descriptions  throughout  the  work  are 
plain  and  pleasing.    It  is  sufficient  to  state  that  in 


this,  the  last  edition  of  this  well-known  work,  every 
recent  advancement  in  this  field  has  been  brought 
forward. — Physician  and  Surgeon,  Jan.  1880. 

To  the  American  student  the  work  before  us 
mustprove  admirably  adapted.  Complete  in  all  its 
parts,  essentially  modern  in  its  teachmgs,  and  with 
demonstrations  noted  for  clearness  and  precision, 
it  will  gain  in  favor  and  be  recognized  as  a  work 
of  standard  merit.  The  work  cannot  fail  to  be 
popular  and  is  cordially  recommended.— iV.  O. 
Med.  and  Surg.  Journ.,  Blarch.  1880. 


LANDIS,  HENRY  G,,  A,  M,,  M.  D., 

Professor  of  Obstetrics  and  the  Diseases  of  Women  in  Starling  Medical  College,  Columbus,  O. 

The  Management  of  Labor,  and  of  the   Lying-in  Period.     In  one 

handsome  12mo.  volume  of  334  pages,  with  28  illustrations.     Cloth,  $1.75.     Just  ready. 


This  is  a  book  we  can  heartily  recommend. 
The  author  goes  much  more  practically  into  the 
details  of  the  management  of  labor  than  most 
text-books,  and  is  so  readable  throughout  as  to 
tempt  any  one  who  should  happen  to  commence 
the  book  to  read  it  through.  The  author  pre- 
supposes a  theoretical  knowledge  of  obstetrics, 


and  has  consistently  excluded  from  this  little 
work  everything  that  is  not  of  practical  use  in  the 
lying-in  room.  We  think  that  if  it  is  as  widely 
read  as  it  deserves,  it  will  do  much  to  improve 
obstetric  practice  in  general. — New  Orleans  Medi- 
cal and  Surgical  Journal,  Mar.  1886. 


SMITH,  J,  LEWIS,  M,  H., 

Clinical  Professor  of  Diseases  of  Children  in  the  Bellevue  Hospital  Medical  College,  N.  T. 

A  Treatise  on  the  Diseases  of  Infancy  and  Childhood.    New  (sixth) 
edition,    thoroughly   revised    and     rewritten.   In  one   handsome  octavo  volume  of  867 
with  40  illustrations.     Cloth,  $4.50 ;  leather,  $5.50  ;  half  Russia,  $6.00.     Just  ready. 


Rarely  does  a  pleasanter  task  fall  to  the  lot  of 
the  bibliographer  than  to  announce  the  appearance 
of  a  new  edition  of  a  medical  classic  like  Prof.  J. 
Lewis  Smith's  Treatise  on  the  Diseases  of  Infancy 
and  Childhood.  For  years  it  has  stood  high  in  the 
confidence  of  the  profession,  and  with  the  addi- 
tions and  alterations  now  made  it  may  be  said  to 
be  the  best  book  in  the  language  on  the  subject  of 
which  it  treats.  An  examination  of  the  text  fully 
sustains  the  claims  made  in  the  preface,  that  "in 
preparing  the  sixth  edition  the  author  has  revised 
the  text  to  such  an  extent  that  a  considerable 
part  of  the  book  may  be  considered  new."  If  the 
young  practitioner  proposes  to  place  in  his  library 


but  one  book  on  the  diseases  of  children,  we 
would  unhesitatingly  say,  let  that  book  be  the  one 
which  is  the  subject  of  this  notice.— The  American 
Journal  of  the  Medical  Sciences,  April,  1886. 

No  better  work  on  children's  diseases  could  be 
placed  in  the  hands  of  the  student,  containing,  as 
it  does,  a  very  complete  account  of  the  symptoms 
and  pathology  of  the  diseases  of  early  life,  and 
possessing  the  further  advantage,  in  which  it 
stands  alone  amongst  other  works  on  its  subject, 
of  recommending  treatment  in  accordance  with 
the  most  recent  tnerapeutical  views. — British  and 
Foreign  Medico-Chirurgical  Review. 


KEATING,  JOHNM.,  M.  D., 

Lecturer  on  the  Diseases  of  Children  at  the  University  of  Pennsylvania,  etc. 

The  Mother's  Guide  in  the  Management  and  Feeding  of  Infants.    In 

one  handsome  12mo.  volume  of  118  pages.     Cloth,  $1.00. 


Works  like  this  one  will  aid  the  physician  im- 
mensely, for  it  saves  the  time  he  is  constantly  giv- 
ing his  patients  in  instructing  them  on  the  sub- 
jects here  dwelt  upon  so  thoroughly  and  prac- 
tically. Dr.  Keating  has  written  a  practical  book, 
has  carefully  avoided  unnecessary  repetition,  and 


successfully  instructed  the  mother  in  such  details 
of  the  treatment  of  her  child  as  devolve  upon  her. 
He  has  studiously  omitted  giving  prescriptions, 
and  instructs  the  mother  when  to  call  upon  the 
doctor,  as  his  duties  are  totally  distinct  from  hers. 
— American  Journal  of  Obstetrics,  October,  1881. 


OWEN,  EDMUND,  M.  B.,  F.  M.  C.  S., 

Surgeon  to  the  Children^  Hospital,  Great  Ormond  St.,  London. 

Surgical  Diseases  of  Children.  In  one  12rao.  volume  of  525  pages,  with  4 
chromo-lithographic  plates  and  85  woodcuts.  Just  ready.  Cloth,  $2,  See  Series  of  Clin- 
ical Manuals,  page  4. 


One  is  immediately  struck  on  reading  this  book 
with  its  agreeable  style  and  the  evidence  it  every- 
where presents  of  the  practical  familiarity  of  its 
author   with    his   subject.      The    book    may    be 


honestly  recommended  to  both  students  and 
practitioners.  It  is  full  of  sound  information, 
pleasantly  given.— .dnnafe  of  Surg&ry,  May,  1886. 


WEST,  CHARLES,  M.  D., 

Physician  to  the  Hospital  far  Sick  Children,  London,  etc. 

On  Some  Disorders  of  the  Nervous  System»in  Childhood. 
12mo.  volume  of  127  pages.     Cloth,  $1.00. 


In  one  email 


WEST'S  LECTURES  ON  THE  DISEASES  OF  IN- 
FANCY AND  CHILDHOOD.    In  one  octavo  vol. 
CO.NDIK'S    PKACTiCAL   TREATISE    ON    THE 


DISEASES  OF  CHILDREN.  Sixth  edition,  re- 
vised and  augmented.  In  one  octavo  volume  of 
779  pages.    Cloth,  $5.26;  leather,  80.25.,, 
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TIDY,  CHARLES  MEYMOTT,  M,  B.,  F.  C,  S,, 

Professor  of  Chemisiry  and  of  Forensic  Medicine  and  Public  Health  at  the  London  Hospital,  etc. 

Legal  Medicine.  Volume  II.  Legitimacy  and  Paternity,  Pregnancy,  Abor- 
tion, Kape,  Indecent  Exposure,  Sodomy,  Bestiality,  Live  Birth,  Infanticide,  Asphyxia, 
Drowning,  Planging,  Strangulation,  Suffocation.  Making  a  very  handsome  imperial  oc- 
tavo volume  of  529  pages.     Cloth,  $6.00 ;  leather,  $7.00. 

Volume  I.  Containing  664  imperial  octavo  pages,  with  two  beautiful  colored 
plates.     Cloth,  $6.00 ;  leather,  $7.00. 

The  satisfaction  expressed  with  the  first  portion  tables  of  cases  appended  to  each  division  of  the 
of  this  work  is  in  no  wise  lessened  by  a  perusal  of  subject,  must  have  cost  the  author  a  prodigious 
the  second  volume.  We  find  it  cliaracterized  by  amouni  of  labor  and  research,  but  they  constitute 
the  same  fulness  of  detail  and  clearness  of  ex-  one  of  the  most  valuable  features  of  the  book, 
pression  which  we  had  occasion  so  highly  to  com-  especially  for  reference  in  medico-legal  trials.—^ 
mend  in  our  former  notice,  and  which  render  it  so  American  Journal  of  the  Medical  Sciences,  April,  1884. 
valuable    to    the   medical   jurist.      The   copious 


TAYLOM,  ALFMEJD  S,,  M,  D., 

Lecturer  on  Medical  Jurisprudence  and  Chemistry  in  Cfuy^s  Hospital,  London. 
A  Manual  of  Medical  Jurisprudence.  Eighth  American  from  the  tenth  Lon- 
don edition,  thoroughly  revised  and  rewritten.  Edited  by  John  J.  Eeese,  M.  D.,  Professor 
of  Medical  Jurisprudence  and  Toxicology  in  the  University  of  Pennsylvania.  In  one 
large  octavo  volume  of  937  pages,  with  70  illustrations.  Cloth,  $5.00 ;  leather,  $6.00 ;  half 
Russia,  raised  bands,  $6.50. 


The  American  editions  of  this  standard  manual 
have  for  a  long  time  laid  claim  to  the  attention  of 
the  profession  in  this  country;  and  the  eighth 
comes  before  us  as  embodying  the  latest  thoughts 
and  emendations  of  Dr.  Taylor  upon  the  subject 
to  which  he  devoted  his  life  with  an  assiduity  and 
success  which  made  him  facile  princeps  among 
English  writers  on  medical  jurisprudence.  Both 
the  author  and  the  book  have  made  a  mark  too 
deep  to  be  affected  by  criticism,  whether  it  be 
censure  or  praise.  In  this  case,  however,  we  should 


only  have  to  seek  for  laudatory  terms.— American 
Journal  of  the  Medical  Sciences,  Jan.  1881. 

This  celebrated  work  has  been  the  standard  au- 
thority in  its  department  for  thirty-seven  years, 
both  in  England  and  America,  in  both  the  profes- 
sions which  it  concerns,  and  it  is  improbable  that 
it  will  be  superseded  in  many  years.  The  work  is 
simply  indispensable  to  every  physician,  and  nearly 
so  to  every  liberally-educated  lawyer,  and  we 
heartily  commend  the  present  edition  to  both  pro- 
fessions.— Albany  Law  Journal,  March  26, 1881. 


By  the  Same  Author. 
The  Principles  and  Practice  of  Medical  Jurisprudence.    Third  edition. 
In  two  handsome  octavo  volumes,  containing  1416  pages,  with  188  illustrations.     Cloth,  $10 ; 
leather,  $12.     Just  ready. 


For  years  Dr.  Taylor  was  the  highest  authority 
in  England  upon  the  subject  to  which  he  gave 
especial  attention.  His  experience  was  vast,  his 
judgment  excellent,  and  his  skill  beyond  cavil.  It 
is  therefore  well  that  the  work  of  one  who,  as  Dr. 
Stevenson  says,  had  an  "enormous  grasp  of  all 


matters-  connected  with  the  subject,"  should  be 
brought  up  to  the  present  day  and  continued  in 
its  authoritative  position.  To  accomplish  this  re- 
sult Dr.  Stevenson  has  subjected  it  to  most  careful 
editing,  bringing  it  well  up  to  the  tim&s.— Ameri- 
can Journal  o/  the  Medical  Sciences,  Jan.  1884. 


By  the  Same  Author. 
Poisons  in  Relation  to  Medical  Jurisprudence  and  Medicine.    Third 
American,  from  the  third  and  revised  English  edition.     In  one  large  octavo  volume  of  788 
Cloth,  $5.50;  leather,  $6.50. 


PEPjPEJR,  AUGUSTUS  J.,  M.  S,,  M.  B.,  F.  M,  C.  S., 

Examiner  in  Forensic  Medicine  at  the  University  of  London. 
Forensic  Medicine.    In  one  pocket-size  12mo.  volume.    Preparing.    See  Students^ 
Series  of  Manuals,  page  4. 

LEAfSENMYC, 

Superstition  and  Force :  Essays  on  The  Wager  of  Law,  The  Wager  of 
Battle,  The  Ordeal  and  Torture.  Third  revised  and  enlarged  edition.  In  one 
handsome  royal  12mo.  volume  of  552  pages.     Cloth,  $2.50. 


This  valuable  work  is  in  reality  a  history  of  civ- 
ilization as  interpreted  by  the  progress  of  jurispru- 
dence. .  .  In  "Superstition  and  Force  "  we  have  a 
philosophic  survey  of  the  long  period  intervening 
between  primitive  barbarity  and  civilized  enlight- 
enment.   There  is  not  a  chapter  in  the  work  that 


should  not  be  most  carefully  studied ;  and  however 
well  versed  the  reader  may  be  in  the  science  of 
jurisprudence,  he  will  iind  much  in  Mr.  Lea's  vol- 
ume of  which  he  was  previously  ignorant.  The 
book  is  a  valuable  addition  to  the  literature  of  so- 
cial science.—  Westminster  Review,  Jan.  1880. 


By  the  Same  Author. 
Studies  in  Church  History.    The  Bise  of  the  Temporal  Power — Ben- 


efit of  Clergy — Excommunication. 

octavo  volume  of  605  pages.     Cloth,  $2.50. 

The  author  is  pre-eminently  a  scholar.  He  takes 
up  every  topic  allied  with  the  leading  theme,  and 
traces  it  out  to  the  minutest  detail  with  a  wealth 
of  knowledge  and  impartiality  of  treatment  that 
compel  admiration.  The  amount  of  information 
compressed  into  the  book  is  extraordinary.  In  no 
other  single  volume  is  the  development  of  the 


In  one  very  handsome  royal 


New  edition. 

Just  ready. 

primitive  church  traced  with  so  much  clearness, 
and  with  so  definite  a  perception  of  complex  or 
conflicting  sources. 


'rowth 


The  fifty  pages  on  the  gr 
of  the  papaev,  for  instance,  are  admirable  for  con- 
ciseness and   freedom    from    prejudice. — Boston 
Traveller,  May  3, 1883. 
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